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(54) Fowlpou vlruo premotoro 

(57) Fowlpox virus (FPV) promoter DNA for use in expressing a foreign gens inserted in a FPV vector by homologous 
recombination, which comprises the promoter of any of the following FPV genes:- 

(1) The FP4b gene which er.codes a protein of about 657 amino acids in a sequence beginning 

Met GIu Ser Asp Ser Asn lie Ala lie Glu 
G!u Val Lys Tyr Pro Asn lie Leu Leu Glu; 

(2) The flamHI fragment ORF8 gene encoding o protein of about 1 1 6 amino acids in a sequence beginning 

Met Glu Glu G(y Lys Pro Arg Arg Ser Ser 
Ala Val Leu Trp Mel Leu lie Pro Cys Gly; 

(3) The flamHI fragment ORFS gene oncoding a protein of about 105 amino acids in a sequence beginning 

Met lie lie Arg Arg Asn Asn Lys Ate Leu 
Gfy Ser Val Met Ser Asp Phe He Lys V , 

(4) The flamHI fragment OHF10 gene oncoding a protoin ot about 280 amino acids in a sequence beginning 

Met Lys Phe Lys Glu Val Arg Asn Thr He 
Lys Lys Met Asn Ite Thr Asp He Lys Be; and 

(5) The gene of which the eeding stand hybridises strongty to FPV RNA and is at least partly located within an 
approximately 790 bp DMA sequenco, containing near ac S'-ond tho Goquoneo: 

(5') TGTCATC ATA TCCACGTATA AATGTAATAT and near its 3 f -end the sequence: 
AAG AATAGTC TAAATTACCT AAGATAG AAG ATCAT (3*) 



At least one drawing originally filed was informal and the print reproduced tero is taken from a later ?3ed (format copy. 
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F0WLP0X VIRUS PROMOTERS 
Background of the Invention. 
1. Field of the Invention. . 

The Invention Is In the field of recombinant DNA technology 
and relates to promoters useful for the expression of foreign. DNA 

OS Inserted into a fowlpos virus vector. 
* 2. Description of the prior art. 

Poxviruses are large viruses with a complex morphology 
containing linear double-stranded DNA genomes. .They are among 
the few groups of DNA viruses that replicate within the cytoplasm 

10 of the cell. They are subclassified into six genera: orthopox- 
viruses, . avipoxviruses, capripoxvlruses, ' leporipoxviruses, 
parapoxviruses and entomopoxviruses. Vaccinia virus, an ; 
orthopoxvirus, is the most widely studied of the poxviruses, and 
1s the subject of U.S. Patent 4,603,112 (Paoletti et ah,). 

15 Fowlpox virus is an avlpoxvirus or avian poxvirus. 

Recent advances in recombinant DNA technology have allowed 
vaccinia virus to be used as a vector to carry and express 
foreign genes. For a review see M. Maekett & G.L. Smith, Journal 
of General Virology 67, 2067-2082 (1S85>. Certain properties of 

20 vaccinia virus make it suitable for this purpose. Firstly, 1t 
tolerates large amounts of extra DNA In Its genome, at least up 
to 25,000 base pairs. Secondly, It encodes its own RNA 
polymerase which specifically initiates transcription of 
messenger RNA, beginning at the viral promoter sequences on the 

25 DNA genome. The host ce.ll RNA polymerase II does not recognise 
these viral promoters, nor does the vaccinia RNA polymerase 
transcribe from promoters recognised by the host cell RNA 
polymerase. These two properties allow foreign genes to be 
inserted into the vaccinia virus genome under the control! of a 

30 vaccinia virus pr©moter 0 leeause ©f the very large size of. the 
vaccinia virus genome 086,000 base pairs) and the fact that the 
DNA alone is not infectious, conventional recombinant DNA 
techniques of restriction enzyme cleavage and ligation of DNA 
fragments Into the genome are not technically feasible. 
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Therefore DMA Is Introduced Into the gehome by a process of 
homologous recombination. Homologous recombination involves 
essentially (15 pre-selecting a length of the vaccinia virus (W> 
genome in some region which does not impair the replication and 

05 normal functioning of the virus (hereinafter called a 
"non-essential region"), (2) saafcjng a construct of a length of 
foreign DNA in a copy ©f the non-essential region so that the 
foreign DNA is flanked by sxfcensivt sequences of non-essential 
region of VV DNA, (3) co-infecting appropriate tissue culture 

10 cells with the VV and with the construct and (4) selecting cells 
containing VV in which the pre-selected length has been swapped 
over ("recombined") in vivo so that it is replaced in the genome 
by the construct DNA. 

In order to insert the foreign gene into the construct, the 

15 construct should Itself be contained in a vector, e.g. a 
plasmid. It should also comprise a promoter for regulating 
expression of the foreign DNA within the virus. The procedure is. 
more fully described in the Maekett and Smith review supra . 
Vaccinia virus vectors have been used in this way experimentally 

20 for the expression of DNA for several viral proteins. See, for 
example, M. Kieny et aly, Nature 312, 163-166 (1984) on the 
expression of a rabies virus glycoprotein. Since the vaccinia 
virus vector can be attenuated, i.e. altered to make it less 
virulent,, without impairing its use as a vector, it has 

25 considerable potential for use in vaccination. 

It has been recognised for some years that' in principle 
similar technology could be applied to fewlpex virus (FPV), see, 
for example,, M.M. Blnns et ah , Israel Journal of Veterinary 
Medicine 42, 124-127 (1986), thereby providing a vector for use 

30 in vaccinating poultry. FPV like W, has a genome of vast size 
(it Is 'even larger than W: estimates range from 240 to 360 
kilobases) and U is not known to what extent it is similar to 
vaccinia virus. 

One of the essential requirements for the expression of 
35 foreign DNA in 4 FPV veetor is a strong promoter, which will be 
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recognised by the FPV RNA polymerase. Several promoters have 
been identified in VV but their relative strengths have not been 
fully explored. The main ones are as follows: 
. I."p7.5. The 7.5 Kd polypeptide promoter,, which has early, and 
01 late activities, has been widely used to express genes inserted 
into vaccinia, S. Venkatesan et al.. Cell 125. 805-813 (1981), 
M.A. Cochran et al., J. Virol. 54, 30-37 (1985). 

2. pi 1 o The gene for the U Kd major structural polypeptide, 
mapping at junction of vaccinia Hind lU fragments F/E, has a late 

10 promoter which has been widely used, C. Bertholet et al. Proc. 
Natl. Acad, Sci. USA 82. 2096-2100. (1985). 

3. pTK. Promotes the thymidine kinase, gene which maps In 
vaccinia Hlnd lll fragment 3, J. P. Heir et aj. , Virology 158 
206-210 (1987). This promoter has not been used much and is 

15 thought not to be strong. 

4. pF. Promotes an unknown, .early, non-essential gene, which 
maps in vaccinia Hind lU fragment F, see D. Panicali et aK 
Proc. Natl. Acad. Sci. USA 80, 5364-5368 (1983). It has, recently 
shown to be "relatively inefficient" i.e. 10-fold lower than the 

20 IK propter, B.E.H. Coupar et al.., 0. Gen. Virol. 68, 2299-2309 
(1987). 

5. p4b. The 4b gene encodes a 62 Kd core protein. It has a late 
promoter which maps in vaccinia Hind lU fragment A, see 3. Rosel 
eta_L, 3. Virol. 56. 830-838 (1985). The 4b protein accounts 

25 for appro* 10% of viral protein in vaccinia. 

6 and 7. pM. and pi. These are two uneharaeterised early 
vaccinia promoters from vaccinia Hind lU M and I fragments 
respectively used in construction of a multivalent vaccinia 
vaccine, M.E. Perkus et al., Science 229. 981-984 (1985). 

30 8. p28K. Promotes a .gene encoding a later 28 Kd core protein, 
J.P.° Heir et al. D 3. Virol. 61. 75-80 '(1987). St hasn't been 
used much. . 

Because of the lack of information about the genomic DNA 
sequence of FPV (and. Indeed. VV„ since only about & third of the 
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genomic DNA sequence of VV has been published). It has not been 
possible to predict whether a particular promoter known in VV has 
a counterpart in FPV, nor could its efficiency as a promoter be 
predicted. 

05 Only very limited data have been published about the DMA 
sequence of the FPV genome. Thus. O.B.. Boyle et a].. , Virology 
156 . 355-361 U987), have published the sequence of the thymidine 
kinase (TK) gene and flanking sequence totalling 1061 base 
pairs. These authors looked at the FPV TK promoter region and 

10 noted that it contained a so-called consensus sequence, common to 
eleven VV gene promoters [A. Plucienniczak et aj. , Nucleic Adds 
Research U, 985-998 (1985)3. This "consensus sequence" is 
si-pposedly based on TATA — (20 to 24 bp) — AATAA, but there 
were many divergences from it and' the whole. r egion is so AT-r1ch 

15 that the notion of a "consensus sequence" does not bear critical 
examination. Moreover, the distances between these consensus 
sequences and the 5' ends of the TK mRNAS differed as between FPV 
■ and VV. Since the FPV TK gene was found to be expressed in 
vaccinia virus vector, and therefore recognised by the' VV RNA 

20 polymerase, some degree of similarity between these two promoters 
is deducible. It does not follow, of course, that* every VV 
promoter would be highly homologous with every FPV promoter and 
indeed unpublished data of the present inventors suggests that 
this Is. not the case. 

25 Further prior art is referred to below after the section 

"Summary of the invention", without which its context would not" 
be apparent. 

Summary of the invention 

Much of the present invention has arisen by locating some FPV 
30 genes, testing the S'=non-ceding region associated with them for 
promotional strength and thereby selecting certain strong 
promoters. 

Several regions of the FPV genome have been investigated in 
research leading to the invention. One of them arises by cutting 
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the DMA with the enzyme Bam HI 0 selecting from a range of plasmids 
thereby generated one with an insert of about 11.2 kilobases and 
examining that length of ONA. Another arose by random cloning of 
the FPV genome and comparing these sequences with that of ONA of 

05 the vaccinia 4b gene mentioned above. 

Another method ©f identifying strong promoters involved 
simulating the transcription of RNA from the FPV DMA. 

As a result, five strong promoters have been found and the 
invention provides various DNA molecules containing them. The 

10 science of promoters of poxvirus DNA is at present poorly 
understood. It Is known that certain regions to ' the 5° or 
"upstream" end of a gene serve to assist in transcribing genomic 
DNA into messenger RNA by binding the RNA polymerase Involved in 
the transcription so that the mRNA which contains the start codon 

15 of the gene can be transcribed. Such upstream regions are 
referred to as the "promoter". It Is often not possible to say 
for certain which nucleotides of the upstream sequence are 
essential and which are inessential for promotion, nor 1s the 
minimum or maximum length of the promoter known with great 

20 precision. Although this lack of precision in the whereabouts 
and length of the promoter might at first sight seem rather 
unsatisfactory, it is not a problem in practice, since, there is 
normally no harm In including additional DNA beyond the region 
which serves to transcribe the DNA. Further as described later, 

25 it is possible by tedious experiment to determine this region 
more precisely. In all these circumstances, it is therefore more 
appropriate to define the promoter by reference to the gene which 
it precedes, rather than by reference to the sequence of ,the 
promoter. Four of the genes in question are those of 

30 open-reading frames 0RF8, 0RF5 and 0RF10 of the famHI fragment 
and the gene of FPV which most nearly corresponds to (is of 
highest homology with) the vaccinia 4b gent. The last-mentioned 
FPV gene is conveniently designated FP4b. These genes are fully 
Identified hereinafter in Example 1. 
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The fifth strongly promoted gene was Identified by research 
into amounts of mRNA likely to be produced when viral DNA is 
transcribed. Tht theory is that strong promoters direct the 
transcription of greater amounts of RNA than weak promoters. In 

05 order to avoid the problems of experimentation in vivo . RNA was 
prepared In vitro in a manner thought likely to emulate in vivo 
transcription. The RNA thus prepared was hybridised to BamHI and 
EepRI restriction fragments of FPV ONA. Strong hybridisation to 
several fragments was taken to indicate a strongly promoted gene 

10 and by this means such a gene which falls at least partly within 
a 0.79kb EcoRI fragment was identified and the fragment partly 
sequenced: see Example 2. 

These five genes can be defined 1n various ways, always 
remembering, of course, that there will doubtless be minor 

15 differences In their sequence between one strain or type of FPV 
and another. One convenient, arbitrary, way of defining them is 
by reference to an appropriate length of the amino acid sequence 
which they encode. It may reasonably be assumed that the first 
10 or, more preferably, the first 20 amino acids, say, would form 

20 a unique sequence In FPV. Accordingly, one convenient definition 
of four of the genes is based on the first 20 amino acids as 
follows 

(1) The FP4b gene which encodes a protein of about 657 amino 
acids in a sequence beginning 

25 Met Glu Ser Asp Ser Asn He Ala He 01 u 

Glu Val Lys Tyr Pro Asn He Leu Leu Glu 

(2) The BamHI fragment 0RF8 gene encoding a protein of about 
116 amino acids in a sequence beginning 

Met Glu Glu Gly Lys Pro Arg Arg Ser Ser 
30 Ala Val Leu Trp Met Leu lie Pro Cys Gly 

C3> The BamHI fragment 0555 gene encoding a protein of about 

105 amino acids in a sequence beginning 

Met He lie Arg Arg Asn Asn Lys Ala Leu 
Gly Ser Val Met Ser Asp Phe He Lys Thr 
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(4) The BamHI fragment 0RF10 gene encoding a protein of 
about 230 amino acids in a sequence beginning 

Met Lys Phe Lys Glu Val Arg Asn Thr He 
Lys Lys Met Asn He Thr Asp He Lys lit 
05 Gene (5) could be defined as at least partly located within a 
790bp <0.79kb> ONA stquence 0 containing near Its 5 '-end the 
sequence: 

<5') TGTCATCATA TCCACCTATA AATGTAATAT and near its 3° -end 
the sequence: 

10 AAGAATAGTC TAAATTACCT AACATAGAAC ATCAT (3') 

In relation to genes (1) to (4), it will be appreciated, of 
course, that variations in the 20 amino acids are likely to occur 
between different FPV strains. Probably there would be at least 
90% homology over the whole gene, but there may well be less 

15 homology over the first 20 amino adds, perhaps up to 3 or 4 
differences. It is confidently believed however that no one 
skilled in the field will be in any doubt as to which gene is 
intended, whatever the precise degree of aberration in the amino 
acid sequence of the first 10 or 20. 

20 Likewise, In relation to gene (5) it will be appreciated that 
the quoted DNA sequence is that of the £cp_RI fragment detected, 
that in some strains of FPV one or both of the EcoRI restriction 
sites might be lacking and that consequently it is more 
definitive to quote the DNA sequence. With the aid of the 

25 sequence information given herein for the 790 bp fragment it will 
readily be possible to complete the sequencing of the 790 bp DNA 
and then find an open-reading frame CORF) for gene <5). This 
gene does not necessarily fall wholly within the 790 bp 
fragment. Thus, it might be necessary to sequence the genome to 

30 either side of the 790 bp region. This could be done by 
labelling th@ 790 bp DNA and us?ng U to probe a library of the 
FPV genomic DNA made by restriction with a different enzyme. 
When the beginning of the ORF is located, the 5' -non-coding 
. sequence can be used as promoter DNA. If there should perchance 
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be two genes falling within this fragment, whichever hybridises 
more strongly to the RNA is intended. Although there might be 
some nucleotide- variation between strains of FPV, there would 
probably be at least 80% homology at the DNA level. It is 

05 confidently believed, however, that no en* skilled in the art 
will be in any doubt as to which gene is- intended. 

It is expected that before long it will be possible to create 
a partial map of the FPV genome. FPV 0 like other poxviruses, has 
a linear genome with similarities between its ends: The terminal 

10 sequences are invertedly repeated. Within these terminal 
Inverted repeats (TIRs) there are tandemly repeated sequences. 
The BamHI digest gave rise to clones containing these terminal 
inverted repeat CTIR) sequences and it has been determined that a 
length of about 3.7 to 4.0 kb at one end of the approximately 

15. 11.2 kb fragment (the left-hand of the sequence thereof shown 
hereinafter) lies within a TIR in the strain of FPV 
Investigated. The F&4b gene is believed to lie 1n a central 
region of the genome. The whereabouts of the 0.79 kb sequence Is 
unknown at present. 

20 The Invention includes a ONA molecule which consists 
substantially of the non-coding DNA to the 5' -end of each of the 
above-identified genes and comprising the promoter thereof. 
"Non-coding" means not coding for that gene : it could code for 
another gene as well as serving as a promoter. Any reasonable 

25 length of such DNA. typically up to 150, usually up to 100, and 
especially up to 80 nucleotides (or base-pairs in the case of ds 
DNA) of the 5'-end (even if it codes for DNA within the next gene 
along the genome). Is herein referred to as "promoter DNA". 

The invention also Includes a recombination vector comprising 

30 a cloning vector containing a non-essential region (NER) sequence 
of FPV, said NER being interrupted by DNA which consists of or 
includes (a> promoter DNA of the invention, followed by (b) a 
foreign gene (i.e. a gene which it is desired to insert into the 
FPV vector) transcribabie by the promoter. 
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In one particular aspect, the Invention includes a 
recombination vector which comprises in order : 

(1) a first homologously reeembinable sequence of the 
' fowl pox virus (FPV) genome, 
OS (2) a sequence within a first portion of a non-essential 
region (HER) of the FPV genome, 

(3) FPV promoter DNA according to the invention, 

(4) a foreign gene transeribably downstream of the promoter 
(whereby when. the fowlpou virus RNA polymerase binds to the 

10 promoter It' trill. transcribe the foreign gene into mRNA) and 

(5) a sequence within a second portion of the same NER of 
the FPV genome, the first and second sequences preferably 
being In the same relative orientation as are the first and 
sacond portions of the NER within the FPV genome, and 

IS (6) a second homologously recombinable sequence of the FPV 

genome, said sequences (1) and (6) flanking the NER 1n the 
FPV genome and being in the same relative orientation in the 
recombination vector as they are within the FPV genome. 
In another aspect, the invention includes a DNA construct 
20 which comprises a promoter of the invention transeribably linked 
to a foreign gene. Such a construct or "cassette" can be 
inserted in a cloning vector, which can then be used as a 
recombinant vector useful in preparing a recombination vector of 
the Invention. 

25 The invention further includes hosts harbouring the 

recombination and recombinant vectors of the invention,, 
especially a bacterial host harbouring a plasmid vector. 

The invention is further directed to a recombinant FPV which 
is the product of homologous recombination of . FPV with a 

30 recombination vector of the invention containing a foreign gene; 
thg process of homologous reeembipatien; anifnal cells infected 
with such a recombinant FPV; a process of in vitro culture of 
these Infected cells; and a method of vaccinating' g responsive 
animal, especially a chicken, which comprises Inoculating it with 

35 the recombination vector of the Invention. 
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Further description of the prior art 

At the International Poxvirus Workshop meeting held' at Cold 
Spring Harbor, Mew York, on '24-28 September 1986, F.M. Tomley 
gave a talk, wUh slides, entitled "Molecular structure and 

05 organisation of an 11.3 kb fragment of fowl poxvirus". This talk 
presented an outline of. the preliminary results of sequencing the 
11.2 kb BamHI fragment (at that time thought to be 11.3, rather, 
than 11.2 kb long). The talk dealt with the AT richness of the 
fragment, included a slide showing 20 open reading frames, 

10 discussed codon usage in FPV, compared the FPV 48 kd predicted 
polypeptide (herein "ORF 1") with a 42 kd early protein in VV and 
compared other predicted polypeptides with hepatic lectins and 
anti-alpha-trypsinogen. No mention was made of the functionality 
of the ORFs or of the strength of gene expression, nor was any 

15 length of DNA sequence shown. The same talk was given at the 
Herpes/Poxvirus Workshop of the Society for General Microbiology, 
held at St. Andrews, Scotland, April 1987. 

At the corresponding meeting In September 1937, J.I. A. 
Campbell et aK „ displayed a poster relating the terminal BamHI 

20 fragment or FPV. lying between the 11.2 kb SamKX fragment and the 
end of the genome. No DNA sequence was shown. 

During the priority year, F.M. Tomley et al., 0. Gen. 
Virology 69. 1025-1040 (1988), have given the full sequence of 
the BamHI fragment, together with some detail of relationships of 

25 predicted polypeptides to other proteins. A study of the 
functional promoter activity of the sequences upstream of the 12 
major ORFs is referred to as unpublished data. The first 
disclosure of this data was in a poster exhibited by M.E.G. 
Boursnell et al.., at the Vllth International Poxvirus/Iridovirus 

30 Meeting, Heidelberg, 22-26 August 1988. 

Brief description of the areompanylng drawings 

Fig. 1 shows the general scheme of a procedure of homologous 
recombination as applied to fowlpox virus; 

Figure 2 and 3 are plasmid maps showing schematically the 

35 derivation of recombination vectors of the invention useful in 
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the homologous recombination; and 

Fig. 4 H a plasmid map showing the derivation of a construct 
for testing FPV promoters of the invention in a transient assay. 
Description of the preferred embodiments 

05 While the precise length of BNA required for promotion is not 

known, it is generally reckoned to be up to 100 base pairs from 
the RNA start site, but this can be as much as 50 base pairs away 
from the gene start site (the ATG eedon). Accordingly ' a DNA 
sequence contained within 150 base pairs, less preferably 100 or 

10 even 80 bp, to the 5'-end of the gene (immediately preceding the 
start codon) is of particular interest for the purposes of the 
.invention. The DNA sequences of these 150 base pairs are shown 
below (arbltarily divided into blocks of 10 for ease of reading) 
for genes (1) to (4). 

FP4b (5') TATTACGTGG ATAAATATAT ATCTTCAGGA AAAGGGTATT ATGTTACCAG 
ATGATATAAG AGAACTCAGA GATGCTATTA TTCCTTAACT AGTTACGTCT 
CTTTAGGTAC TTATTTTGAT ACGTTACAAG TAAAAAACTA TCAAATATAA 

(3'> 

0RF8 <5'> AGAATAGCAT TGCAAAGTTC TACACGATCC ATTGTATAAT ATAGGTGTTC 
AACACCTCTC GATATATCAT TA7TTGTTTT TTCAATTTTA TTATAAGTAG 
TTTGAATGCA TTTTTAAGTT TAATAAATCT TGATAAAGTA TATTTAAAAA 

<3') 

0RF5 (5") TAAACCAAAT ATACTAAAAT ATAAAATTAT GCCGCGGGAT GATAAGATAC 
T7CAGATGAT CGTGATGAAC TATATTTATT AATTGGCAAT ACTTAAAAAT 
AATGTTTATA ACATATGTAA ATATAATAAA CAATAATTTA GATTTTTAAA 

(3'> 

ORF10 (5')ACTAGATTGT ACAAATATTA ATATGTGTAA TTTCTTATAT AGTAATATAG 
TAGGATGTGA TATATGCACC ATAGAAAAAT TTTATATTTG TATAAAACCG 
ATAAATAAAA TAAACTTAT7 TAG7TACTTT GTAGAGTATA CTAAATAATA 

<3'> 

15 In the above sequences an ATG start eedon follows on at the 
right-hand or 3'-end. 

Oust how much of the 5'~non~coding sequence is necessary for 
efficient promotion is not known precisely. However, experiments 
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can be carried out to answer this question, and in fact some have 
been performed for W. Consequently , similar experimentation 
would be possible to determine the sequences necessary for FPV. 
One such technique i% deletion mapping: by the simple expedient 

OS .of removing pans of the sequence under test, and, assaying its 
subsequent promotion efficiency, the sequences sufficient for 
promoter activity ean.be identified. Thus, in vaccinia it has 
been found that 100 base pairs (bp) of sequence upstream of the 
11 kilodalton (HKd) gene are sufficient to act as a promoter* and 

10 temporally regulate late transcription C. Bertholet et aj.., Prqc. 
Natl. Acad. Sci. (USA) 82 2096-2100 (1985). Deletions leaving 
about 15 bp on the S'-side of the putative site at which qRNA 
transcription starts still yielded high levels of expression, 
C. Bertholet et aK 5 EMBO Journal 5, 1951-1957 (1986V However, 

15 M Hanggi et al_. , EMBO Journal 5 1071-1076 ' (1986) found that the 
same fragment functioned at a lower level when it was 
translocated to a new position. At this new position, deletions 
leaving 32 bp on the 5'=side of the ATG start codon had no effect 
on promoter strength. M.A. Cochran et aK , Proc. Natl. Acad. Sci 

20 (USA) 82, 19-23 (1985) showed that the activity of the 7.5Kd VV 
promoter resided in an approximately 30 bp segment. J. P. Keir 
and B. Moss, Virology 158. 206-210 (1987) found that 32 bp 
upstream of the RNA start site were sufficient for correctly 
regulated promotion of the thymidine kinase (TK) gene in VV. 

25 A 228 bp sequence of DNA from in front of a 28Kd late gene 
(from positions -218 to 4-10 relative to the RNA start site) was 
placed in front of the chloramphenicol acetyltransferase (CAT) 
gene and found to act as a promoter, J. P. Heir and 8. Moss, 
J. Virology 61, 75-80 (1987). A series of 5' deletions extending 

30 towards the RNA start site were made. A gradual reduction in CAT 
expression occurred as the deletions (intended from =61 to -18. 
Mutants that retained 18 bp before and 10 bp after the RNA start 
site still expressed the CAT gene as a late gene, though at a 
submaximal level. 
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While deletion mapping can define those sequences sufficient 
for promotion activity, it cannot pinpoint the exact bases 
necessary for activity within the defined sequences. Various 
workers have altered bases within putative promoter sequences, 

05 either by synthesislng specific oligonucleotides, M. Hanggi 
et ak, loe. £U. 0 or by site-directed mutagenesis, 3. P. Weir and 
B. Moss, 3. Virology |i, (1987). In both cases alterations 

in very few, even single, bases had profound effects on the 
efficiency of promotion, and hence individual bases of importance 

10 could be identified. Since, however, some changes in sequence 
are permissible without loss of the promotional effect, it will 
be appreciated that it is necessary that the invention should 
cover sequences which are variant, by substitution as well as by 
deletion or addition from the non-coding sequences of length up 

15 to 150 bp referred to above. 

The recombination vector could contain additional sequence to 
that herein referred to as promoter ONA. Additional sequence 
could comprise (a) additional sequence more than 150 bp 5 '-ward 
from the'ATG initiation eodon, (b> sequence inserted Into the 150 

20 bp without destroying promoter activity or. <c) part of the 
sequence of the FPV gene (inclusive of the ATG initiation eodon 
and onwards), e.g. up to 100 bp thereof. 

The above experiments require testing for the efficiency of 
the promoter. It is not necessary for this purpose to introduce 

25 a promoter-gene construct into FPV and monitor expression of the 
gene product. A shorter method, known as transient assay, is 
known for use with W, H.A. Cochran @t ak, Proc. Natl. Acad. 
Sci. (USA) 82, ^-23 (1985). In transient assay, the promoter is 
linked to a gene with an 'easily assayable products. A plasmid 

30 containing this construct is then introduced Into a cell which 
has been infected with tht virus. .The viral &NA> polymerast can 
transcribe off the promoter, even though the promoter has not 
been incorporated in the viral genome. Because expression only 
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lasts while both the virus and the plasmid ONA are present in the 
cell together, this form of expression is known as 'transient'. 
Two different marker genes have been used in vaccinia virus 
transient assay systems, the chloramphenicol aeetyltransferase 

OS (CAT) gene.-M.A. Cochran et aJL, suara and the beta-galactosidase 
"laeZ" gene 0 D° Panicali et al... Gene 47 1193-199 (1986). Using 
the CAT gene the promoter sequences under test were cloned in 
front of a complete CAT gene .which included its own ATG start 
eodon. Thus, this is a "transcriptional fusion" sequence, i.e. 

10 the sequences are fused in a non-coding region. In the case of 
the beta-galactosidase laeZ gene both a transcriptional and a 
translational fusion vector were described, both for transient 
assay and for testing in recombinants.. The translational fusion 
vector contained a beta-galactosidase gene lacking its own start 

15 codon. so that the fusion occurs within a coding region. The ATG 
start codon was provided by the VV promoter under test. The 
beta-galactosidase "lacZ" gene was therefore cloned so as to be 
in frame with the VV gene start codon, the VV gene being fused to 
. the lacZ gene before codon 9 of the latter. Thus, the promoter 

20 was in exactly the same context relative to the initiation codon 
used in the fusion vector as in its native position. 

In the present invention, the lac Z gene has been used only 
for the transient assay to determine promoter strength. It will 
be appreciated, however, that in the practice of the invention a 

25 foreign gene relevant to improving the condition of poultry would 
be inserted into the fewlpox virus. Preferably the gene will be 
one appropriate to an in vivo sub-unit vaccine, for example one 
or more genes selected from Infectious Bronchitis Virus (IBV), 
Infectious Bursal Disease virus. Newcastle Disease Virus (NOV), 

30 Karen's disease virus, infectious laryngotracheal virus and 
genes encoding antigenic proteins of Eimeria species. Particular 
genes of interest are the spike genes of IBV and the HN and F 
genes of NOV as described in PCT Patent Application Publication 
No. HO 86/05806 and European Patent Application Publication No. 

35 227414A (both National Research Development Corporation). In 
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order for the foreign gene to be correctly translated in vivo it 
1s necessary for the foreign gene to have its own ATG start codon 
• Inserted in the region Just following the promoter. 

It is necessary to locate a nonessential region of the FPV, 

OS in which to insert the propter of the Invention and the desired 
foreign gene. In prSneiple. they eeuld be inserted anywhere 1n 
the FPV genome which would net hsm the basic functions of the 
virus, or interfere with the' action of the FPV promoter or the 
foreign gene. It can be a coding or non-coding region. In VV 0 

10 the thymidine kinase (TK) gene has often been used for this 
purpose. See, for instance. Example 4 of HO 86/05806 mentioned 
above, which describes the expression of the IBV spike gene in VV 
using the 7.5K vaccinia promoter and the TK non-essential region. 
It will be appreciated that the detection of the insertion of 

15 the foreign gene would depend on detection of virally infected 
cells which do not produce any of the non-essential gene, e.g. 
TK. Such cells are described as "TK minus". Alternatively, one 
could use the TK gene or a markerless coding or non-coding region 
and detect the insertion of the foreign gene by a hybridisation 

20 assay in which a labelled nucleotide sequence complementary to 
the foreign gene sequence is employed. 

PCT Application HO 88/02022 published 24th March 1988 (CSIRO) 
describes a method of stably inserting a foreign gene within the 
TK gene of FPV, with the aid of a dominant selectable marker gene 

25 ("Ecogpt") and a VV promoter. The disclosure of this patent 
application can be used in- the present invention, with 
substitution of an FPV promoter ©f the Invention for the VV 
promoter. Use of the FPV promoter is favoured as likely to be 
more acceptable to the veterinary medicine licensing authorities. 

30 The promoter ©f the invention and foreign gene then have to 
be° inserted' into ' the non-essential region' CHER) ©f the FPV 
genome. The procedure ©f homologous feeembinatien Ulustrated by 
Figure 1 of the drawings, provides a way of deing so. A fragment 
of genomic DNA containing the NER is "sub-cloned in a cloning 

35 vector. If desired, it can be shortened to remove most of the 
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sequence flanking It. A construct is then made, in the cloning 
vector, comprising part of the NER (starting at one end thereof), 
followed by the FPV promoter ("P") of the invention, followed by 
the foreign gene, followed by substantially the remainder of the 

OS NER (terminating at the other end thereof). This construct, in 
an appropriate vector, forms the recombination vector which is 
used to transfeet the cells infected with the FPV, e.g. by the 
calcium phosphate method, whereby recombination occurs between 
the NER sequences in the vector and the NER sequences in the 

10 FPV. The FPV then automatically re-packages this altered genome 
and the thus altered FPV (recombinant FPV) is part of this 
invention. 

Figures 2 and 3 of the drawings illustrate alternative 
methods of making the above recombination vector. Referring 

15 first to Figure 2, a non-essential region possessing two 
restriction sites A, B is inserted in an appropriate vector, 
which, by way of illustration only, will be described as a 
plasmid. In another plasmid having the same (or ligatably 
compatible) restriction sites A, 3, a construct is made of FPV 

20 promoter sequence of the invention followed by the foreign gene 
sequence. It is of course essential that this construct is made 
so that the mRNA transcription will begin at or before the start 
codon of the foreign gene. Since it is time-consuming to 
determine precisely where the mRNA transcription start is 

25 effected by any particular promoter, it is convenient simply to 
insert, say, 100 or more preferably 150 base pairs of promoter 
DNA immediately preceding the FPV gene which it normally 
promotes o to ensure good working of the promoter. However, it 
will be appreciated that, given the time to do experiments 

30 previously indicated, portions of promoter DNA could be "chewed 
off" by restriction enzyme treatment to shorten U, thereby 
eliminating any unnecessary sequences. Such adaptation is 
considered to be an immaterial variation of the particular 
embodiments of the invention described herein. Equally, it would 
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be possible to extend the promoter sequence at the downstream end 
thereof, e.g. to Include a few base pairs of Its natural FPV gene 
sequence. This would normally result in expression in vivo of a 
translations! fusion protein If . the foreign gene sequence is 

05 arranged to be in frame with the natural FPV gene. However, such 
a protein 1s not particularly desired and in fact any short 
sequence of nucleotides could be positioned between the promoter 
DNA and the start codon of the foreign gene. 

The restriction sites A, 3 are located in the plasmid DNA 

10 flanking the FPV promoter DNA and the foreign gene. Of course, A 
could be within the promoter DNA if it ' falls within a 
non-functional portion thereof. While two different restriction 
sites have been shown for simplicity they could of course be the 
same. They can be sticky- or l-lunt-ended sites and can be 

15 prepared artificially by filling in and/or ligating additional 
nucleotides, in ways well known in the recombinant DNA field. 
Conveniently A and B in the type 2 construct are converted into 
identical blunt-ended sites (C, not shown) and then allowed to 
recomblne at a single blunt-ended site C (replacing A, B) within 

20 the NER. Care will have to be taken, of course, to select sites 
which are unique in the vector DNA to prevent recombination of 
other sequences of DNA from occurring. 

DNA from the two plasmids are 1 igated together j_n vitro and 
then transformed into the host, with suitable restriction 

25 enzymes, to produce the final construct of type 1. The 
promoter-foreign gene construct of type 2 is, of course, made in 
a similar way from a vector containing the promoter and another 
containing the foreign gene. 

Figure 3 illustrates another method of preparing recombinant 

30 vectors of the invention. In this method one first prepares a 
construct comprising a first part of the NER followed by the FPV 
promoter of the invention, followed by a short sequence of 
nucleotides containing at least one cloning site for introduction 
of a foreign gene, followed by a second part of the NER, which 



- 18 - 



could be simply substantially the remainder of the NER. Cf 
course, virtually any length of DNA would provide a cloning site 
suitable In some way or other for Introducing a foreign gene. 
Preferably these constructs contain a multiple cloning site, that 

05 Is to say a short length of ONA containing the sites of a variety 
of different restriction enzymes,. for example at least ten. Such 
a construct then has versatility, 'since it will then be much 
easier to restrict DNA flanking almost any foreign gene at sites 
close to each end thereof and insert the foreign gene Into the 

10 multiple cloning site illustrated in Figure 3. Only two sites X, 
Y have been shown, for simplicity and, again, these can be filled 
In and extended or chewed back, as desired, to give identical 
blunt-ended sites (Z„ replacing X, Y). in the final constructs, 
the promoter DNA will be separated from the foreign gene by a 

15 portion of the multiple cloning site, but this will not adversely 
affect the transcription of tJ"e mRNA in the final virus. 

In either method of construction, the NER is split by the 
promoter and foreign gene. It is, of course, not essential that 
It be split in a central region.. Nor is it essential that the 

20 second portion of the NER constitute the entire balance or 
remainder of the NER. So long as each end of the NER contains or 
is flanked by a long enough stretch of ONA for' homologous 
recombination, it does not matter that a part of the NER might be 
excised somewhere in between or that additional (irrelevant) DNA 

25 be inserted in preparing the recombination vector. Obviously, It 
is not necessary that the NER used be the complete region or gene 
identified in the FPV genome as non-essential. Any part of it 
will do, and the term "end" in relation to the NER then means the 
end of the selected part. 

30 References herein to vectors other than FPV (or. VV> mean any 
convenient prokaryotie or eukaryotic cloning vector appropriate 
for bulk production of the construct within a suitable host. 
Prokaryo.tic vectors will ordinarily be plasmids or phages. 
Suitable prokaryotie hosts include bacteria. Eukaryotic vectors 
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such as those of fungi, yeasts and animal cells, e.g. SV40, can 
be employed if thought more convenient. 

Although the rteombinatien vector used will ordinarily be of 
double-stranded ONA 0 It 1$ possible to use single-stranded ONA 

05 for the homologous recombination. . 

Thg recomblnstHen plasraid of the invention containing the 
MER, promoter foreign gene then has to be "swapped over" for 
FPV DNA 5n e homologous recombination procedure, for this 
purpose, appropriate poultry cells are infected with FPV." It is 

10 best not to use wild type FPV for obvious reasons. FPV can 
readily be attenuated_(mutated to make 1t less virulent), by any 
conventional method of attenuation. 

Many different methods are available for selecting the 
recombinant viruses, and have been described for VV 1n the review 

15 article of M. Mackett and G.l. Smith supra . - Such methods are 
applicable in the present invention. Using the TK ge _ e as the 
HER, one method is to transfer the. mixture of viruses containing 
the desired (recombinant) virus to fresh TK minus cells in a 
growth medium containing BUdR. . BUdR kills the original virus 

20 which was TK positive, so the TK minus mutants produced according 
to the invention can be selected. Another method Is to enlarge 
the recombination plasmid to include a FPV or, less desirably, a 
W promoter together with an additional marker gene, preferably 
selectable such as Ecogpt, but possibly non-selectable such as 

25 beta-galactosidase, within the NER and then detect recombinants 
by using a property of the marker gene, e.g. for 
beta-galactosidase the blue plaques generated when the 
S-bromo-S-ehloro-3-lndolyl-g-galaetopyranoside CX-gal) substrate 
■ H present In the growth medium. 

30 The selected TK minus cells containing the FPV (which has a 
deleted TK gene but possesses the foreign gene) ar© then grown In 
chicken gmbrye fibroblasts (CEFs), chicken fibroblasts, chick 
embryo epithelial" cells derived by conventional tissue culture 
methods, principally trypsinisation of tissues or the 
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chorioallantoic membrane (CAM) of embryonated chicken or turkey 
eggs. For administration to birds, the recombinant virus can be 
given to b f .rds by aerosol, drinking water, ©ra1 0 intramuscular 
injection or inoculation into the wing web. Ingredients such as 

OS skimmed milk or glycerol can be used to stabilise the virus. 

Hhile the invention is" intended primarily for the treatment 
of chickens It 1s potentially of interest In relation to other 
animals which might safely be infected with FPV. It is even 
possible that It might be considered safe to infect humans with 

10 FPV after appropriate trials have taken place. 

The following Examples illustrate the invention. 

EXAMPLE 1 

MATERIALS AND METHODS . 

• 1. Virus strain . 

15 The HP438 strain of fowlpox virus was obtained from 
Professors A. Mayr and H. Mahnel, ludwIg-Maximllllans University, 
Munich. The HP438 strain has been obtained from the pathogenic 
KPl strain by 438 passages in chick essbryo fibroblasts (CEFs) in 
tissue culture A. Mayr et ah , Zentralblatt fur Veterina medfzin 

-20 B13. 1-13 (1966). The HP441 strain used to obtain DNA for 
cloning was derived by 3 further passages in CEF cells. 

2. Tissue culture medium . 

CEF cells were' grown in 199 (Hell come) medium, supplemented 
with Penicillin (200U7ml, Streptofflycin (200|ig/m1, Fungizone 
25 (2|ig/ml) and 10% newborn calf strum CCS). 

3. Purification of vllrus and extraction of DMA therefrom . 

HP441 fowlpox virus was Inoculated on to confluent monolayers 
of CEF cells at a multiplicity of. Infection of approximately 1 

• plaque forming unit (pfu) per cell." Cells wert pre-uashed in 
30 serum-free medium, and the virus inoculum was added t© the cells 

in 1ml of serum-free medium per 75em 2 bottle. After 10 minutes 
Incubation at 37°C to allow the virus to adsorb to the cells, 
10ml of medium containing Z% calf serura (CS> was added. After S 
days, a marked cytopathie effect (CPE) -ras -observed, . at which 
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time the supernatant was collected; Cellular debris was removed 
from the supernatant by eentrifuging at 2500 rpm for 10 minutes 
in a Sorvall GSA rotor. The virus was then pelleted from the 
supernatant by eentrifugation at 14000 rpm for 30 minutes in an 

OS Sorvall SS34 rotor. The viral pellet was resuspended in 10mM 
Tris pH9.0 und a further low speed spin performed to remove any 
remaining eellular material. 

To eatract the DNA from the virus, an equal volume of. .lysis 
buffer OOOmM TRIS-HCl pH 7.8,-2mM : EDTA, S4X suerose, 2% SDS, 

10 200mM 2-mercaptoethanol) was added to the virus suspension. 
Proteinase K was then added as a solid to SOOpg/ml. This was 
incubated at 50°C for 2 hours and then overnight at 4°C. The 
solution was then extracted slowly and gently for several hours 
with phenol /= chl ©reform/ isoamyl alcohol (50:48:2 v/v/v, 

15 saturated with lOmM TRIS-HCl pH 7.5, ImM EDTA) and. then with 
ether. 2.5 volumes of absolute ethanol were added to precipitate 
the viral ONA. Viral ONA was resuspended in lOmM TRIS-HC1 pH7.5, 
ImM ED7A (TE) or in deionised water. 
4. Cloning of viral DNA into plasmld vectors . 

20 l>ig of FPV-DNA was cut with the restriction enzyme BamHI 

(BRL) and 1 1 gated into BamHX-eut, phosphatase-treated pUC13 
plasmld (Pharmacia). Following transformation into E. col 1 
strain TGI using standard methods, 0. H.anahan, 3. Mol. Biol. 165, 
557-580 (1983), colonies containing plasmlds with inserted DNA 

25 fragments were identified by a white colour on X=gal indicator 
plates. Colonies went probed with nick-translated 
(radio-labelled) FPV DNA and plasmlds containing FPV DNA inserts 
were analysed by restriction digests of plasmid DNA isolated by 
the. method of D.S. Holmes it aj,. 0 Anal. Blechem. JJ4, 193-197 

30 (1SB1) and also of ONA purified on CsCl gradients. A range of 
recombinant plasmlds containing FPV DNA inserts was obtained, and 
one of these, called pMH23, of approximately 11.2 kilebases, was 
selected for sequencing. EeoRl clones of FPV DNA were made In 
the same way, eseept that colonies were not probed with 
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radiolabeled viral DNA but we're stored in glycerol cultures as a 
•library 0 , 

5. Sequencing of pMH23 . 

To sequence the viral insert of' pMH23 0 random subclones of 
05 pMH23 were generated by cloning sonicated fragments of pMH23 into 
Sfital~eut 0 phosphatast-fcreated e^13mpl0 (Amersham International 
PLC). Clones containing vflral inserts were identified by colony 
hybridisation with radiolabeSled insert from pMH23. Dldeoxy 
sequencing with E^ 5 S3dATP was used to determine the complete 
10 sequence of the viral insert. 

6. Random sequencing of the fowl pox virus genome . 

Recombinant plasmids containing fowlpox DNA inserts were 
obtained by a similar method to the above, but starting from 
virus passaged a further three times (HP444). Random sequencing 
15 of the viral genome was carried out as in section 5 above. 
Sonicated fragments of viral DNA were cloned Into MUmplO and 
sequenced directly without any identification step. • 

7. Identification of putative promoter sequences . 

Sequences to be tested as promoters were identified in two 
20 ways: 

a) Sequences upstream (immediately 5' of) open reading 
frames in the pMH23 sequence were likely to act as promoters in 
the virus and as such were candidates for testing in a transient 
assay system. 

25 b) Sequences upstream of a gene highly homologous to the 4b 

gene of vaccinia virus were selected by comparing the amino acids 
encoded by the FPV DNA with those encoded by VV 4b. 

The open reading frames (ORFs) in pMH23 0 and the FP4b gene, 
were identified as follows. 

30 (a) Open reading frames. 

The complete sequence of the pMH23 insert (the "11.2 tcb BamHI 
fragment") has been determined and is 11,225 nucleotides in 
length. This sequence is shown below (X ° a nucleotide found to 
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differ when sequencing from different Ml 3 clones of FPV; asterisk 
° stop codon). Computer analysis of the sequence revealed the 
presence of several ORFs. If only ORFs of greater than 150 bases 
in length are considered there are nineteen complete potential 

05 genes, predicting polypeptides of between S8 and 418 amino 
acids. The ORFs numbered 1-12 were considered the major ORFs, 
either because of their size or because of their codon usage. 
The start and stop positions of these ORFs are shown in Table 1 
below. Seven other ORFs were considered minor, either because 

10 they overlap or are- contained within other potential genes, or 
because of their codon Vsage. 



1 GGATCCGACGCGGCTGCCAAGACCTTTATACCCGACTCTTGTTCTACTGGACGAACGCGG 
61 AGATTTAAAGCCATGGCT6ACGTATAGTCGAGGACGCCCTCGGTAATAAATTGATTATAT 
121 TTTCAGTTTTAAAAAATTAATTTATATGTACTCAATATCCTTATATAGAATTATTTTATC 
181 TCTTCTGATATACGTTAGGTAGATGCCGTTCAAATAATAAAATATCTGATGACGTTTTTA 
24 1 TGCGCGTGTTACGTTATTATAATAGATAATAGAAATAAACGTTAAAATAATAATTAATTA 
301 TCTTTTCAGTTGTTAAATATATTCTAGTTTTATAAGCGTTATTCATATATAAAAAATATA 
• 36 1 AAAACTAAATCGTATTTAT7 ATGATGCTACGGCGGTCATTTAACAAATTTACGCGATGGA 
421 GTTCGGTTGTACGGGAACTAATAACCAGTTGGCCGTTCACAGATTTACAGAAACGCGTTT 
481 TACATCTTTCAAAAAAGAACTTTTAGTTAATTTAGGAATAAGTGACTTAAATGATATAAA 
541 AAACATATGCGAGGATTCTAAAATATTCTTTCCGGAAAAGAGAACGGAGCTCTTAAGTAT 
601 TAAAGA7CGTAAATCTAAACAAATAGTTTTCGAAAACTCCCTAAACGATGACTTGCTTAA 
661 AAAATTACACGCCTTGATCTATGATGAATTAAGTACGGTAGTAGATTCCGTTACCGTAGA 
721 GAATACCGTTACATTGATTATGTATGAAAAAGGAGATTACTTTGCCAGGCATAGAGATTT 
781 TAGTACCGTCTTTTCTAAAAACATAATATGCGTTCACCTGCTTCTATATTTGGAACAACC 
841 AGAAACGGGAGGT6AAACGGTTATATATATCGATAATAATACGTCAGT6AAATTAAAAAC 
901 AGATCATCTATTTGATAAAACTATAGAACATGAAAGTATTACCGTTGAAAGCGGTAGAAA 
961 ATGCGTGGCGTTATTCGATGTCTTACTAGAAAAAAAGTTATCCGCGTCAACAAACGTAAT 
1 02 1 AGGTAGCATAGAATACTTAGGTAAAAAAATAAATTTATATGACAGAGAAAATGATCTTCA 
1081 GTTGTGTTATTGTGATATGGTAATAGAAAGAATGACAGAAGATAAAGAATATAGCCTAGG 
1141 AATGATATCTGATAGATCAGGTAGATGTATAAAATCTCATCATAACGGTAGTATTGTTAG 
1 201 ATACCGTAAA6AAGAATATGGATCTTTCGATGCTCTATGTATATATAACATGAATGAAGT 
1261 GGATGAAATTTGGACTGGTGATAAGAAACATATTATATGGTCTACTATTGATAAAAAAAC 
1 32 1 AGGAACGTCTTTTATACCTATAGATCCTGTACTTTACGAAAAGTTAAAAGCTATTTCTTC 
1 331 TAAAGAGCATAAAGAATACAAAGATTTGAGAGGGTTTTGTAATAGCAGAACGGAGTATAT 
1441 TTGTTGTtCGGTATCTAAGTACTATTTCGACTTACCTACAAAAACAGATTTAATACACGA 
1501 GGTGATTAATTCTATCGATTATGATACTAAGTCAGTGGGTACACCCGACTGGTATACTCT 



1 561 GCCTATACAAGTT/ MCAAACTATCCTAGGTAATATGTCTTACGAAGAGTTATTTAATAT 
1 62 1 AGTAAGAGGTAATATAGCTCTTGAAGAAGACAATGAATATGGCTGTGATTAACATTAATG 
1 681 GTAATACTTTTCTAAAAACTAATCTCAAGTATTGTTTACAAGCGACTGAAGTAATAGTTT 
1 741 TAGCAAAATAATACCTTTACTGTTAGTTCTACAATCGAAATTATGCTGTAACATGAGGTA 
1 801 AGGATATATTTAITAATACGTTACATCTTTCGAAAGACTTTGATCGTAGTATAATATTAT 
1 861 ACATCTGCTCTACTTATTATACATAAGAAAATTTGTATTTTA1TTAGTGCGCTGATAAAT 
1 921 CGTGTTTAAAGTATACAACGGACGTCTATTTCCAAAAAATCTGCGCGTGTTAACGGATTA 
1981 AAATCTACATGAAAATATCTCTTAAACTTTATTTCTACGTATAACAAACAACAGACTGAT 
2041 TTTATATATTACGAATAACTATTTTCTTAGGTTTTTTATATAGATGCTATACAGTGTTTT 
2 1 01 TACGCGTATATACAAAATACGGAAAAATAATAXAACAGAAATGATTCTGGCAATATACGA 
2 1 61 CCGCAATGCCTATATTGTTAAAAAAACAGGTATCGGAAGTATCTTGTTACGCGATAACGG 
2221 TACTAGGAATACTATGCTTAATATTATTTACGATACTAGTAG7CGTAACATGCAAATGGT 
2281 ATTACGCGTTTCCGTACTTTAGCAAGGTATGTCCTGATGAGTGGATAGGATATAATAGTA 
2341 AATGCTACTACTTTACTATCAATGAAACTAATTGGAATGATAGCAAAAAACTATGCGATG 
2401 TTATGGA7TCTTCATTGATAAGGTTCGATAACATAGAAACTCTAAATTTCGTGTCGCGAT 
2461 ACGGTAAGGGTAGTTACTGGATAGACATAAATCAAAATAGAAAAATTCCGGGTATTAATT 
2521 TCTGACTATATTATGAACAAGGCGTTAATGATATTTGTCTATTATTTGACACGAGTAACA 
2581 TTA7CGAAATGTCTTGTATATTTCACGAAAGAACGATATGTGTTAAAGAAGATAGATACA 
2641 CCCATIGGTATACCGAATACATGCGTIAGATTTACTACCTCTTTTTTATACAATAGTATT 
2701 TTGTACGTTCTTGTAAACAGAAAATCCGTATAGTTTATATTTTTAATCAAAGTAATAACG 
2761 AATATCTCGATGTCACGTATAAACGCAGATTCTAGATATTAAATTCTCAACGTACGTCAT 
2821 TTGCATTCCCTGAGATGATACTTTGCTATTTTATTATACCGTAGTCTATACAACCACTAC 
2811 AAAGTTAAACGAAGTAAAATTATTGATTCGTTGTTATTATTTCAGCACAGTAGTACTCGC 
2941 TATCTTCGTTTAAATCTAATAACACGCCCTTTGAAACATTTTTGTGCTAGATAATAATAC 
3001 GTTATTATTACACTAACCTGTATTTCTTCTAATCTTTAAGGTGTGCTAACGATATATCAC 
3061 GGGATTAAAAGGTTATTAGTAGTCGTATAACAACATAATAATAGCACATCTGTATATTTA 



3121 TATACCTCTCGAGTAttTAAAAATAATATGTTTTGATAAAACGTAAATCAATAAGTGTAT 

3181 AAGGTATTATTTCTTTTAATGAAGAAATAGGACGTAATGTCTAAATCAGATTTATATTCC 

3241' C6AAAATATTTTTCTTAGATGTA7ATGTTAGTTAAATTACGTGATTATATTATAAGTTAT 

3301 CTGCTTACTTTAACATTATATAGTAATTATATACTAACCGATCTTAACACTTCCGTACAA 

3361 AGAGGTATGCCGGCATCTGCGAGATATTGTGATTTTCGTATTTAGATATGTGAATATAGT 

3421 TATCTACTAACGCGACTTTCCTCCAATTTACAAAGCTCTAAGGAAAAAAAATAAAATAAT 

3481 ACTACCACGTTCCTCTTTTAAGAGTTAACTATTTACTCGGAGGTATCGGTATACATACAA 

3541 TTCTATATAATTTAGTTAATCGCTTTTTACGCGCATAAGTCTACGTATAATGTCTTTGTT 

3601 TAAGTAACTATCCCTGGAATATTCCTAAAAATAGCGGAATTTTTGTTTGTACGTCGGCTA 

3661 CTAGGAACATGAAAGGTACGTTCGCTTTTACGATAGGAATTTTCTTTATTCCGTCTGTAG 

3721 TGCATAATTCGGTAACACTAGCTGCTTCAGTTCCGTATTCATCTACTTTTATCACAGATT 

3781 TTTGCCTGATATTACCTATCCTCAAAGTTTTTGTATCGGATATACCTACTAATTCACCTG 

3841 ACTTGAATAGATCATTACATCCCATATGGATTAGCGCGTCTTTCAAGTCTACGTCATCTT 

3901 CTAATTCGAATTTAGGTAAATAAAGAACTATTTCTTTCAAAGTCATATCTTTTTTAGATA 

3961 TTATTTTATTGATATTCTTACCGTTATTGAGAGAATCAACTACTCCTAAAATAGAAAAAG 

4021 TATTAAAATTACGTAAACATATTAGTTTTAACATCTTTTTATTTGTTTAGTATATAAACT 

4081 TATATCGTAAAGAAATATAGTTCTCTTAATTTACGTTTATTAGGAAATAAAATAGACATA 

4141 TAGATATACACCTTAGATACT7 AATTAAAATGGATAGAAACATTAATTTACCCGAAGAAG 

4201 AGCTTAAATATATAAAAGAATGTTGCGAAGTTCTTTATTTACCCCAGCCGACGAGAATGG 

4261 ATATAATCGGTGTTATGAATGATAGCGATATTTCTTGGAATGAAAATCTCATCATTCTAA 

4321 TGTCGGAAGATGGTAAGATTTATGTGTACGACGATGAAGCTCTATACAAAGTAGCGGATA 

4381 CTATGGAAGAGTTCTCTGAAATAGGACTTATTAATCTAGGAAATGAAGTTTATCATTGTA 

444 1 GA6AGGATATAAAACCTCTTC:CGAAGAGGATAGGGATAA.GGATGA6TATATAAT6AAGA 

4501 TAAGGGAAAAAGCCAGGCAGCTTATAGATAATTCACAAAAAGATTTTGAGGCCATTCTAG 

4561 ATTCTTTGGAGAATAAACATGTATCAATTTAGGTATATAATATAAGGTAGCAAAATACGT 

4621 ATGTCCGTGTACGCTTATGTATTTTTTTATTTGGATTAAAATCGATACGCTAGAGAATAG 
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46S1 CGGAGTAGCTTCTGTATCCGCCGCGGTTATTTACTTTAGTAATCTATTAAACTACTTTTA 

4741 TCTCTATTATTAAGTTAGTCATACCCACGAATATATATTCATAAAAACATCTTCCTCTCA 

°KLKTLIEKLCKN 
4801 GATTTTCATCCGTAAAATTATTACTTTAATTTTGTTAACTCTTCTTTTAAACATTTATTT 

EEKLALLQXRIE- TZY-RSYXN 

4861 TCCTCTTTGAGAGCTAAAAG1TGTATTCTAATTTCGGTTATATACCTACTATAAATATTA 

DXXKYQNKLQDVIMCIEKSE 
492 1 TCTATAATTTTATAnGGTTCTTAAGTTGATCTACTATCATACATAATTCTTTTATCTCT 

QRYKEDIEKIISNCKIDXES 
4981 TGGCGATATTTTTCATCGAGTTCTTTTAGAATACTATTACACTTTATATCAA7TTCTGAT 

KI'EKINSOYEENITKI FDSM 

5041 TTTATTTCTTTTATGTTACTATCATATTCTTCATTTATTGTTTTTATGAAATCACTCATT 

(0RF5) 

VSGLAKNNRRIIM 

5101 ACACTTCCAAGAGCTTTATTATTCCTACGTATTATCATTTTAAAAATCTAAA7TATTGTT 

5161 TATTATATTTACATATGTTATAAACATTATTTTTAAGTATTGCCAATTAATAAATATAGT 
5221 TCATCACGATCATCTGAAGTATCTTATCATCCCGCGGCATAATTTTATATTTTAGTATAT 
5281 T7GGTTTATTACGTGCGTAGATTTAGAATCTTTATTCACACCCGATTATTGTGTTGATAG 
5341 TATATAATATTAAAACAATG6AGTTTTAAGCTCTACCAGAAGATATCATTAAGTATAGCG 
5401 TTCTATATGATCTAAAACATGTATATTGTACCTAGTGATAATAGCATTTTTACCATTTTC 
5461 GTTTATATTGCTAGCTCATCTATACGTAACTTTATGGTTTATTAGCTATCTCATGTAACT 
5521 ACATATTGTTATCATCGTTTAACAGTATTATTTCTTTTAACTGATCCATTAAACTTTTTT 
558 1 TATGTATTAGCTCATATTCTAATTGATAAGAATCTTGTATGTAACTAn YATAAACTTTA 
564 1 C7ACCTTCAAA6AAAATAGAGGAGAAATCCAATGTGAAATATGTAATATAAGGTCGCGGT 
5701 GGACGTACAATTCACTTGTTTCGCTGTCC6ATACCACATTTAATACTATTCCCCTATAAT 
§731 CGTAGTAGTCATfTGCATGATCTATTTATCCTGTCTAATTCATTTATTAATTCTACGGAGG 
582 1 ACTCCTTACTCATCCAATCTAATATATCTCT1CCTCTAGAACTACATAACCTTGTAGCAT 
5881 TTATGTATTCATTTTCTTTCATCATAATAATTTCTATATCTTCGTAACTTAGCTTACAAA 
5941 AGTTATTATTGATCGATTCTACTTTGATTTCCATATTGAATAATTGTTATAAGCTGGAAT 
6001 ACAAATACTTAATTTTCATAATTTGTTAATAACCTAAATA7TTGTATTTCTCTATAAAAA 
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6061 CCACA7ACAAAAAC7A777ACA77A77A77CCAGACAA7AGA77A7GG7A77777GGGA7 
6121 CGGTACAAGCAAGTGTTATAAAGCAAGTAAATCTGGCCTC GAATTCA ACATAATCACCTT 
6181 CCACAACATAACCGCTTTCTTCTTCCGAAGATTCGGACAATCGCTATGATAAAAGTATTT 
6241 AC7AG7CG77GAAATAAAGA7G7AGAA77GCCCAT7A7A77A7AA777AG7CAC77A777 
6301 6TTTATTTTTTTAGTACACGCICTATCTTTCTTTACATCATAAGGCAATATTTATCATAT 
6361 ATCAGGATAATCAGGATAT7TATATATGTTTAATAACGGCTTTTACGTTTTATTGATTAA 
6421 GACGACACGGTAACAAAATTAATATACTTATATTGTACTACATAGTTAGCAAAATATCTA 
6481 TTAGAATACTTGTTTTGCCTATGTTTACTTCTATATTGCTATATAAGACTTATCACCTTC 
6541 AATATTTCTGTTTGTACCATATTCATGACTAGATTTTTCTATATCAAAATATATATTTAG 
6601 TTATAAAAATAATTTTATTTCATAGATGTGATGTCAAGCTCTTTATTGCCTATATATTCA 
6661 AGTATGTTGTATTTTATTTCATAGATGCGATGTCAAGCTCTTTATTGCCTATATATTCAA 
6721 GTATGTTGTATTTTATTTCGTGGGGTAACCAATTCCATTTTGTTTCATCACCAGTAATTT 
6781 TTTCATCTATAACTCGCATCGCTGATTCAATAGCTTGCGCTCTTTGCGATGCCGTGTCTG 
6841 CCAATTCTTTTAATAGATATTTGTAGAATATGGCATTATCATACAGACCTAATATTTTTC 
6901 TAGAATGTCTTGCCAATATGTTCTCATCAAGATTTTTGGATGGTTTTAAACACAGGTCCA 
6961 GAATGTTGTAGGTTCTGATGCTTTCGCTGTTTATTCTCCTTAATTCAATTTTACATTTTT 
7021 CAAATACATCT7TTAAACGACTTTTGCTGTTAATGACTGTCATGTTTCTGGAAAATCCTT 
7081 TATCCGATGATATTGTATTTGTATATTGTCTTAATGCTATGTCCGCTATCAGCATATCCA 
7141 CGGATTCA6AT TCTG6A TTT GTATCCATATTACAGATCATCTCTAAAGTTGTGTGT TC T T 
7201 CATTCATCACGGTAAACACAATGTTACTATCAGCGCCTCTCTTGAGAAACATGCTTACCA 
7261 7A7C7A7777G77G7777G7A7AGCG7AGCACA7CGCTG7CACACAGGGCG7777GC7GA 
7321 AATAGTCAATGTTTGCTCCGGAATCTAGCAACATCCTGCATACTTCTGTGTCTCCTTTGC 
738 1 TCATGGCGA7GATAAGGGGAGTACATCCGTAGCAATCTTCTATGTTGGTACAGGCTCTGT 
744 1 6A7C7AA7AGCAA77C7A7ACCT77AA7A7C7777GACA7AACAGC7AAA7GGAGAGGCG 
7501 TAAAACGA7CAG7G77GGGCACA7CAG7G7CGGC7CCTC7AGC7A7AAGGAGCC7CA7CA 
7561 TG7CAAGA77777AC7AA77G7GGCCAAA7G7AAGGGAG7G777CC777C77G7AGA7AA 



7621 CATCATTTATGAACTTTCCAGAATCTAATAATTCTTCCACTTTAACAACGTCTCCTTCTT 

7681 CCACGGCCTCATGCAATTCAGATTCTATATCCGGATAGTTATAATCGGGATAAGTGTTGT 

7741 AACTCATCAGTAATTTAATCATTTCAACATCTCTAAGTCTGACGGCCATCTTTATAGGCG 

780 1 AGTATCCGTTGATAGTAAAATTCGGATTGATGTAAGAATCCA ACAGGCGTCTAGCCACAT 

7861 CCAGTTCTCCMAGAGAATAGCATTGCAAAGTTCTACACGATCCATTGTATAATATAGGT 

7921 GTTCAACACCTCTCGATATATCATTATTTGTTTTTTCAATTTTATTATAAGTAGTTTGAA 

(0RF8) 

M I E G K 

7981 TGCATTTTTAAGTTTAATAAATCTTGATAAAGTATATTTAAAAAATGGAGGAGGGTAAAC 

PRRSSAVIHMIIPCGSIIIV 
8041 CGCGACGTAGTAGCGCAGTATTATGGATGTTGATTCCATGCGGAAGTATTATTATCGTGG 

LSVFVIILSTRP PVPPDIKI 
8101 TA7CTGTATTTGTGATTATTTTATCCACAAGACCTCCTGTACCTCCAGATAT TAAAATAC 

IYCKEGWVGYN KNCYFFSEE 
8161 TTTACTGTAAAGAAGGATGGGTAGGATATAATAAAAACTGCTATTTTTTCTCTGAGGAAA 

KNNKSLAV ERCKDMDGHLTS 
8221 AAAATAATAAATCATTAGCTGTAGAAAGATGTAAGGATATGGACGGGCATCTGACTTCAA 

ISSKE'EFKFILRYKGPGNHW 

8281 TTTCTAGCAAAGAAGAATTTAAATTTATCCTAAGATACAAAGGTCCGGGAAATCACTGGA 

IGI EKVOFNGT 0 
8341 TTGGAATAGAAAAAGTTGATTTTAATGGAACTTAGAAATTAGAAGATGGGTCATCTTATG 

8401 ATAATATAGTTCCTATCAAAGGAATAGGTGATTGTGCATATTTAAGCGATAGAtCTATAA 

8461 TGTCGTCAT TTTGTTTTT T ACCGAAGAAGTGGAT ATGCAGAATA ATACTT TT ATAGAAAT 

8521 GCTAGCTAATAATGTATAATATTTTTATGAAAAAATGGAAATTGATATGCATAA7TATAA 

858 1 CCAAAAGTATGATATTGCAA6ATGTCTTGTATACTTTGATCATAGGTATACATGAGCAGT 

8641 TTAAAATATGCAAATACAGATATAACTATTAAGATGGTGATAATAACACCGAAAGTCTTG 

8701 GAAGATGATAGTTTATCAGAATCAAGTATCCATTTTGCGAATAACAGATTCCATTTTGAT 

8761 TTGTATTATATAAAGCCTTGGGCCTTCGTAAGTATATTATATTTATTTTTATGTTTTTTA 

°EYN.MAVAPKAT 
8821 TATAATATTATTTAAAACCTTTACTATTCGTAATTATTCGCTACCGCTGGTTTTGCCGTT 



TE I YORI'-KVX X ENFSDGS LM 

8881 GTT7CTATA7AGTC7CT7A77TTTACTATTAT77CAT7AAATGAA7CACCACTAAGCA7A 

IKSIN X RDEAHQ'KRXGSXIS 
8941 ATTTTAGATATATTAATACGATCTTCTGCGTGTTGTTTTCTTATGCCGCTAATTATTGAC 

lYRRMMEEXEA'EXAAIMEDT 
9001 AAATAGCGACGATTATTTTCTTCAATTTCAGCTTCTATAGCAGCTATCATTTCATCTGTA 

R I D £ N ft 0 X D Q E M S Y D K E L V R 

906? cggatatcncgttattatctatatcctgttccatagaatagtctttttctaatactctt 

e a k t. liy tslksyyste2ek 
9121 tcagcttt7gttag7aaataagtac7caatttactgtaataaga7g7t7c7att7c777a 

frnsidkxsrdyveoiks io 

9181 aagcgattacttatatcctttatagatcta7cataaacttcgtcta7tttggaaatctga 

nqleqshdidke texniavc 
9241 ttctg7agttcttggctatggtctatatctttttcag7ttctatgtttagcgctacgcat 

rryyrml x svr.tavyps i w p 
9301 cg7c7a7ag7a7c7ca7gagaa7aga7ac7ctagtcgctacata7ggagaaa7cca7gga 

ivydl'llqsvyegnikirth 

9361 a77aca7ag7ccag7ag7aa77gtgaaacg7a77c7ccgt77a7777ta77c7ag7a7gc 

riniipdhlknndkl tnllr 

9421 c7aa7a777a77a7cgga7cg7gtaac77g7tg7ta7c7t7taa7g7a77gagcaa7c7c 

rsseiqkhdnfdkgelnclr 
9481 c7agacga77ctaa77gc77ccaa7ca77aaaa7c777gcc77c7aag77gca7aa7c7a 

tinvfcnsrmivvevollkm 

9541 g7aa7a777acgaacccgt7ac7tc7cataat7actac77c7aca7ctaa7aa777ca7a 

SMFYE'NXGCIfCXDTINHtCKI 

9601 GACATAAAA7AC7CA77AA7GCCGCATATTTTTATA7CTG7TA7A7 fCATCTTC7TGA7A 

(0RF10) 

TNRVEKFKM 
966? GTATTTCTAACT7CCTTAAATTTCATTATTA7TTAGTATACTCTACAAAGTAAC7AAA7A 

9721 AG7TTATTT7ATTTA7CGGTTTTATACAAATATAAAATTTTTCTATGGTGCATATA7CAC 

9781 ATCCTACTATA'TTAC?ATATAAGAAATTACACATATTAATATTTGTACAATCTAGT7CGT 

9841 C7ACTA7TTTTATCCAATAGTCCTTAGATGTATTTAATAAGCCACTATTCGTATTTA7GT 

9901 TAA7A7TATTCCCACCGCCAAGATTATCACATACCATCATGCTA7CATCCCAAC7TAAC7 

9961 TATTTTCGGAM7AAAATAACATAMTTATCGAATTCTAACCAG7CTTTACCACACC7TA 



0 



1 002 1 CTAAATATCTATCTCTGTCTATATCTACTAAAATAATAACAAATAACAATATAGTGAAAG 
10081 CTATCGTTAATAGACCGCGTTTCCTAGCTTTTTTACACATTTTCTTATCATATTTATATT 
10141 ACTGTTTTTTACAATTTTTAATATTATTTGTCTCATTTTGTAGTAGTAGATTTCGTAAGA 
10201 TCATGTCATCTAATTTTGTCAGTATCATCCATCTAATTTCTATGGGTAAAGTATACCATT 
10261 TTGTATTTACTAGGTTTGCATTCATTATATTGTTTATCTCTAATAACATTTCATATCTTT 
10321 TTGTCAACATTTTTAATATA7TTTGTATTATACGAAAACAGTTGGGAAATATTGTTTTGA 
1 038 1 nATATTCATTTTTTCTAATMTGTATCGG^CAGTCTATACACTATAGCGATGTTATCTT 
1 044 1 CGTTAGATAATAAATCGAAAAGACTTAAATCTTGAAAAGAATTTCCGTCGT ATATCTTGA 
10501 ACGTTTTCATACGTTCTATTTCTTCTTTTATAATATTTATGCAGGAACTTAAGTATTCAC 
10561 ACTTATTAATTATTTTCATATTCTTTTCCATTCCGTTAGAAATTCTAGCTTTGTAAGATA 
1 062 1 AGTAATACAATGATACTATATAGTTAGCAAGAATAATAGCATTATTGTTAATAGTATGTA 
10681 ACATAAAGGTGTATTCCCTCATCATCTAAAGCGTTATATCAGCACCGTGGTCTATTAATA 
1 074 1 CCAATATATTACTAAAATCA7TATATCGTTCTAA1 ATTATTCGTGTAATATATTCTACCC 
10801 ATTCTTCCTTTATATTTATATTAGCTCCTCTAGATATGATGTAATCTAATAGGTCGTCGG 
10861 TAATAAACCTAGTTTCGTATAAGGGGGATGTATTAGTTAAAACGCTTTGTTTGTTAATAT 
1 092 1 CGGCGCCGTGGTCTAATAATACTTTTATTATTTTTAATCTAAACGGATCGTATACTTTCA 
1 098 1 TAGCGTAATGTATAGGGTATTTACCATTCGCGCCGTCTTCTGAATTAATGTCAGCGCCGT 
11041 ATTCTATAAGCAATTTTACTATTTTACTTTCTGTTCTATTAGCAGCTATATGTATAGGTT. 
11101 TCAAACAATAATGTTCTAAATTAACAATAGCTCCGTATTCTAATAGCGATCTAGCTATAT 
11161 CTACACAACCTTTTTTTATAGCCTTATGTAATGGTGGTGTAAAGAACCCAGAAATGTTAG 
11221 6ATCC 
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TABLE 1 

Open reading frames In the fowlpox BamHl fragment in pMH23. 

Size in 
kilodaltons 

48.2 

19. a 

16.4 
16.5. 
12.5 
17.9 
46.8 
13.2 
7.9 
33.0 
16.6 
22.4 

0 ORFs 3, 5. 6, 7, 10, 11 and 12 are transcribed on the 
complementary strand to that shown above, i.e. in the reverse 
direction to the others. 

Sequences upstream of the eleven largest major ORFs were 
05 cloned into lacZ translatlonal fusion vectors for the measurement 
of promoter activity in a transient assay system. 

(b) FP4b gene. 

Random clones of fowlpox virus DNA were sequenced. The 

sequence of each clone was translated on the computer into the 

10 six possible frames and compared to a library of published 







9 


Mo. of 








amino 


ORF 


Start 


Stop 

LI ill,., iTl 


adds 


1 


416 


1672 


418 


2 


2166 


2669 


167 


3 


4054 


3608° 


148 


4 


4170 


4592 


140 


5 


5138 


4821° 


105 


6 


5974 


5519* 


151 


7 


7906 


6674* 


410 


8 


8025 • 


8374 


116 


9 


8632 


8835 


67 


10 


9686 


8844* 


280 


11 


10120 


9689° 


143 


12 


10705 


10139° 


188 
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vaccinia sequences. Several fowl pox genes with some degree of 
homology to vaccinia genes were detected. One gene identified in 
this way was a fowlpox gene highly homologous to the vaccinia 4b 
gene (this is referred to herein as the FP4b gene). The Ml 3 

OS clone containing these sequences was used to probe an EeoRI 
library of fowlpoK virus clones (see above) and a clone 
containing DMA of 2.7 tdlebases was detected. The clone was 
sequenced as described for pMH23 and found to contain the 5' end 
of the FP4b gene 0 upstream putative promoter sequences, and the 

10 3' end of another open reading frame. 
8. Assay for strength of promoter . 

(a) Translational fusion vectors. 

Translatlonal fusion vectors allow potential promoter 
sequences, up to and including the initiation codon of the test 

15 gene, to be fused to a gene with an easily assayable product. 
Thus the promoter sequences under test are In exactly the same 
sequence context relative to the start of the ORF as in the 
original gene, and only the coding sequences of the gene are 
altered. The translational fusion vectors used in this case have 

20 the beta-galaetosidase gene ( lacZ) as an assayable marker and are 
called pNM480, pNM481 and pNM482. They are modifications of 
PKC1403. M.J. Casadaban et ah, J." Bacteriology 143, 971-980 
(1980) made by Minton, Gene 31,, 269-273 (1984). The modified . 
vectors have additional unique cloning sites available in all 
• three reading frames. 

25 

(b) Cloning fowlpotc sequences into translational fusion 
° vectors. . 

Random Ml 3 subclones generated for sequencing purposes were 
used to place test sequences upstream of the - lacZ gene. Ml 3 
30 clones which started just downstream ©fan ATG codon and ran in 
an upstream direction (into the putative promoter) were 
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selected. ' Fragments were excised from the clones, using 
restriction enzymes sites in the M13 polyl inker, and eloned into 
pNM vectors cut with suitable restriction enzymes. The 
appropriate clone was chosen so that relatively little of the FPV 

05 gene ORF was present in the fused protein, and the appropriate 
vector was 'chosen so that the few amino acids encoded by the FPV 
ORF were in frame with the Ucl gene. For that reason the 
vectors differed by one or two nucleotides and are designated pNM 
480, 481 and 482. Plasmids containing fowlpox sequences which 

10 had generated a complete lae Z gene were identified tentatively 
either by a blue colour on bacterial plates or by probing with 
radiolabeled fowlpox DNA, and definitively by sequencing across 
the fusion site and into the putative promoter. Figure 2 shows 
how all of these clones (except number 1> -were cloned into the 

15 pNM vectors. (Because the only suitable' Ml 3 clone for 0RF1 was 
in a different orientation, different restriction enzymes had to 
be used. The ptiM 480 plasmid was cut by BamHX and HindlXX, using 
a Bam HI site between the EcoRX and Hind HI sites marked, and the 
Hlnd UI site was end-repaired appropriately to accommodate the 

20 BamHI - HaeXII promoter fragment excised from the Ml 3 vector). 
Table 2 gives a list of the ORFs involved, the name of the Ml 3 
clone used, the pNM vector used and the number of amino acids 
encoded by the fowlpox ORFs (i.e. from the starting methionine 
codon onwards) participating in the fused products. 
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TABLE 2' 



Translational fusion contructs of promoters (plus part of the 
ORF) with the laeZ gene construct. 



ORF 
ref . 



Starting . 
pMM vector 
ref. 



Final" 
construct 
vector ref. 



Nucleotide 
No. amino length of 5'- 
acids of non-coding 
ORF sequence 



1 


pNM 480 


PNMGF32 


20 




2 


pNM 481 


pNMGJ13M 


7 




3 


pNM 481 


pNMGE23 


3 




4 


pNM 482 


. pNMGA5 


13 




5 


pNM 482 


pNMGK4 


10 


189 


6 


pNM 480 


pNMGFS 


9 




7 


pNM 482 


. pNMGB86 


13 




7 


pNM 480 


pNMSAU4 


2 




8 


pNM 482 


pNMGC44 


14 


395 


10 


pNM 481 


pNMGF7 


' 3 


(not yet 


11 


pNM 480 


pNHGLS 


37 




12 


pNM 482 


pNMGF78 


103 




FP4b 


pNM 481 


pNM4b30 


34 


283 


FP4b 


pNM 481 


pNM4b31 


21 


292 



(c) Testing promoters in a transient assay system. 

Chicken embryo fibroblast cells (CEFs) seeded in 24-eell 
05 tissue culture dishes (Linbro) were infected with fowlpox virus 
strain HP441 when the cells were '80-90% confluent. At various 
times after infection DMA was introduced into the cells by a 
calcium phosphate transfection procedure. The system was 
optimised with respect to multiplicity of infection, times for 



DNA transfection and quantity of DNA. for transfeetion, using the 
plasmid pMM6 which contains the vaccinia 11K promoter fused to 
the beta-galaetosidase gene which was found , to express 
beta-galactosidase activity in this transient assay system in 

OS FPV-infeeted cells. Although there was variation between 
individual experiments,' the technique adopted,, when internally 
controlled with pMM6 as a positive, and plasmid containing 
irrelevant sequences as a negative, worked consistently. 

Cells in 24=wel1 plates were infected at 1 pfu of FPV HP441 

10 per cell. Precipitates were prepared in 96-well plates by adding 
ingredients in the following order: pNM plasmid ONA (0.2pg-5yg) 
plus Ipg FPV "helper" 0NA 0 lOOpl HEPES buffered saline (pH 7.12). 
and finally 7^1 of 2M CaClg. The plates were tapped gently to 
mix the contents, then left at room temperature for 20-30 minutes 

15 until a just visible, fine precipitate developed. 24~well plates 
of cells to be transfected were pre-washed with HEPES-buffered 
saline at room temperature, then the appropriate precipitate 
added at 4 or 20 hours after infection of the cells. After 30 
minutas at room temperature the excess precipitate was removed 

20 and 0.5ml 199 medium containing 5% CS was added. The transfected 
cells were reincubated as normal for a further 48 hours. 
Beta-galactosldase activity was assayed as follows. 
The tissue culture medium was carefully removed by 
aspiration, and the cells resuspended in 50^1 of 0.25M TRIS-HC1 

25 pH 7.5, SmM dithlothreitol (0TT>. The resuspended cells were 
freeie-thawed three times then transferred to 96=well plates for 
assay of beta-galactosidase content. To each lysate was added 
IjjI of a buffer containing 60mM WaaHPO^ 40mM NaHaPO^ lOmM KC1, 
Imff MgClg. SOmM 2=raereaptoethanel and 100^1 of 2mg/ml ortho- 

30 nitrophenylgalaetose (OMPO) in SOmH Wa^HPO^, 40mM NaH^Pf^j. ONPG 
is a eelorimetrie substrate for beta-galactosldase which changes 
from colourless to yellow. The assay was incubated for up to 2 
hours at 37°C until colour developed, then 100^1 of 2M Na^COa was 



added to stop the reaction. The intensity of the yellow colour 
was determined by measuring the abserbance at 40Snm of each well 
in an ELISA platt reader . 
RESULTS OF PROCTER ASSAYS. 

The sequences from in front of the eleven largest major ORFs 
from pHH23 and from in front of the FP4b gene (see above) have 
been cloned into translational fusion. vectors (vectors containing 
the Ucl gene) and their activity as promoters measured in a 
transient assay system. Table 2 above gives a list of these 
constructs. Of the 14 FPV promoter constructs tested, five were 
found consistently to have promoter activity. These were the two 
FP4b constructs, the ORFS (13. ZK gene) promoter, the ORFS (12. 5K 
gene) promoter and the 0RF10 (33.0K gene) promoter. All these 
are promoters of the Invention. The remainder of the constructs 
had lower levels of activity. Table 3 shows the results of three 
experiments. An asterisk denotes a construct containing a 
promoter of the invention. 



• TABLE 3 

Measurement of promoter strength in assay for beta-galactosidas 
using a eelorimetrie substrate C ° according to the invention) 



Dtperiroent A. 







OPTICAL DENSITIES a 


t 40Snm 








Pinal 










ORF 




Amount of 0 


NA added 


20 hours p 




ref. 


V CI vUl 1 C ■ « 




l.Opq 


5.0pq 




1 


BNMGF32 


0 011 


0.057 


0.04 




2 


iiwL uvnc 










3 


pfifibtt J 


U.U 1 J 


0.066 


0.024 




4 


not done 










5 


pNMPK4 


0.026 


0.098 


0.103 




6 


pNHGFS 


0.047 


0.093 


0.057 




7 


PNMGB86 


0.031 


. 0.079 


0.027 




7 


pNMSAU4 


0.024 


0.065 


0.016 


a 


8 


pNMGC44 


0.033 


0.129 


0.248 




10 


pNMGF7 


0.027 


0.071 


0.138 




11 


pNMGLS 


0.03 


0.052 


0.062 




12 


pNMGF78 


0.04 


0.063 


0.069 




FP4b 


pNM4b30 


0.065 


0.197 


0.310 


0 


FP4b 


pNM4b30 


0.057 


0.203 


0.260 
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Experiment B (DNA added earlier than In A) 

OPTICAL DENSITIES at 405nm 



Final 





ORF 


Construct 


Amount of 0 


NA added 


4 hours 




ref. 


Vector ref. 

• 


0«2uq 


IvQpq 


S.Ou 




1 


PWHGF32 


0.00 


0.01 


. 0.05 




2 


PNMGJ13K 


0.03 


0.00 


0.02 




3 


PNMGE23 


0.02 


0.03 


0.05 




4 


pNMGAS 


0.03 


0.39 


0.08 




5 


pNMGM 


0.18 


0.59 


0.89 




6 


pNHGFS 


0.01 


0.01 


0.02 




7 


pNMG886 


0.00 


0.00 


0.04 




7 


PNHSAU4 


0.03 


0.04 


0.03 




8 


pNMGC44 


0.11 


0.22 


0.71 


A 


10 


pNHGF? 


0.08 


0.10 


0.16 




11 


pNKGLS 


0.06 


0.05 


0.04 




12 


pNMGF78 


0.05 


0.05 


0.07 


a 


FP4b 


pNM4b30 


0.35 


0.27 


0.58 




FP4b 


pNH4b31 


0.28 


0.32 


0.44 




Whole pMH23 


0.01 


0.02 


0.02 




No ONA 


0.01 


0.01 


0.01 



o 
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Experiment C (duplicate of B> 





OPTICAL 


DENSITIES 


at 405nm 






Final 








ORF 


Construct 


Amount of 


ONA added * 


I hours 


ref . 


Vector ref. 


Q.2ug 


l.Oyg 


S.Ou 


1 


PNMGF32 


0.00 


0.07 


0.04 


2 


PNMGJ13M 


0.02 


0.07 


0.08 


3 


pNMGE23 


0.05 


0.01 


0.00 


4 


pNHGA5 


0.05 


0.00 


0.09 


5 


pNMGK4 


0.07 


0.13 


0.74 


6 


PNMGF5 


0.05 


0.05 


0.02 


7 


PNMG686 


0.05 


0.07 


0.08 


7 


PNMSAU4 


0.04 


0.05 


0.05 


8 


pNMGC44 


0.05 


0.18 


0.65 


10 


pNMGF7 


0.02 


0.05 


0.31 


11 


PNMGL8 


0.03 


0.06 


0.09 


12 


_ ft tft • A ^ «9 f% 

pnnur /e 


0.03 


a A*a 


A AO 
v • w& 


FP4b 


pNM4b30 


0.28 


0.30 


1.24 


FP4b 


pNH4b31 


0.11 


0.25 


1 .18 



Whole pMH23 
No ONA 



0.10 
0.03 



0.06 
0.04 



0.1C 
0.04 
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For experiment A the DNA was added 20 hours post infection, and 
for experiment 8 and C, which are essentially duplicates of each 
. other, the DNA was added 4 hours post infection. It Is 
interesting to notice that some of the promoters appear to have 

OS higher act Iv Sty when added early after infection. For example at 
4 hours post infection the 0RF5 promoter can give higher levels 
of activity than the ORF8 promoter, whereas when it is added late 
it has lower levels. It may be that 0RF5 is an early promoter 
which does not function well when added relatively late in 

10 infection. The 0RF10 promoter, on the other hand, seems to 
function better when added later In infection. Both the FP4b 
constructs give consistently high levels. 

Part of the sequences of the constructs used to test the 
FP4b. the 0RF8 (13.2*0, 0RF5 C12.5K) and 0RF10 <33K) promoters 

15 are shown below. Each sequence starts and finishes with DNA from 
the pNM vector involved, and shows how the intervening sequence 
is made up from fowl pox sequences plus Ml 3 DNA. Two of the 
putative promoter sequences have been tested out in two separate 
constructs, each having different numbers of " ORF amino acid 

20 coding sequence in the fused product. These are the 
FP4b30/FP4b31 pair and the pNMGB86/pNMSAU4 pair. In both cases 
the levels of promoter activity between the two different members 
of the pair were very similar, indicating that the length of 
fowl pox gene in the fused product is not critical. 



Part of the sequence of pNM4b30. 

csccscsocococQoaoaaancoooccQonoaQD 



— ■= = pNM481 sequence ° ><= HI 3 sequence — 

GCGaACTGTTGGGMGGGCGnCGGTGCGGGCCTCTTCGCTATTACGCCAGAATTCGAG 
10 20 30 40 10 60 

><==.<= start of fowl post (FP) sequence = — -- 

CTCGCCCTATTAACATTGCCTAGTAGTACTCCACTTTGGATAAGAAATCTGCATGATAAA 
70 SO 90 • 100 110 120 



TATATTGA~ATCCTACCACCTATTAAAGTACCATTA7CTAATAGCAATAAGATAGATAAA 
130 140 ISO 160 .170 ' 180 

CAAATGTTTTTTGATGAAGTTATTACGTGGATAAATATATATCTTCAGGAAAAGGGTATT . 
190 200 210 220 230 240 

ATGTTACCAGATGATATAAGAGAACTCAGAGATGCTATTATTCCTTAACTAGTTACGTCT 
250 ' 260 270 280 290 300 

j~» start of FP4b gene 
CTTTAGGTACTTATTTTGATACGTTACAAGTAAAAAACTATCAAATATAAATGGAATCTG 

MetGluSerAsp 

310 320 330 • 340 350 360 

ATTCTAATATAGCGATTGAAGAAGTTAAATATCCTAA TATTTTATTAGAACCTGTTTACT 
SerAsnXleAlaXleGluGluValLysTyrProAsnlleLeuleuGluProValTyrTyr 
370 380 . 390 400 410 -420 

end of FP sequence — >< — sequence from M13mpl0 — 
ATAATAACCTAGAAGTAATAGGATCTCATTTACGGGGATCCTCTAGAGTCGACCTGCAGC 
AsnAsnleuGluVallleGlySerHisLeuArgGlySerSerArgValAspLeuGlnPro 
430 . 440 450 460 470 480 

>< sequence from pNM481 ( lacZ gene) °= etc... 

CCAAGCTTGCTCCCCTGGCCOTCGTTTTACAACGTCGTGAGTGGGAAAACCCTGGCGTT 
LysleuAlaProleuAlaValValleuGlnArgArgAspTrpGluAsnProGlyVal 
490 500 510 S20 S30 



Part of the sequence of pNM4b31. 



aaaactaaaoaQGnaaoacccoaocacoDcacD 



= — pNM481 sequence °><~ Ml 3 sequence 

GCGCAACTGTTGGGMGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGMTTCGAG 

10 20 30 40 SO 60 • 

™° — >< — start of foal pox CFP) sequence — - — 

CTCGCCCAGTCACAAGTATTAACATTGCCTAGTAGTACTCCACTTTGGATAAGAAATCTG 
70 80 90 100 110 120 



CATGATAAATATATTGATATCCTACCACCTATTAAAGTACCATTATCTAATAGCAATAAG 
130 140 150 160' 170 ISO 

ATAGATAAACAAATGTTTTTTGATGMGTTATTAC6TGGATAAATATATATCTTCAGGAA 
190 200 210 220 230 240 

AAGGGTA7TATGTTACCAGATGATATAAGAGAACTCAGAGATGCTATTATTCCTTAACTA 
250 260 270 280 290 ' 300 

I— start of FP4b 
gene 

GTTACGTCTCTTTAGGTACTTATTTTGATACGTTACAAGTAAAAAACTATCAAATATAAA 

Met 

310 320 330 340 350 360 

end of FP sequence — 
TGGAATCTGATTCTAATATAGCGATTGAAGAAGTTAAATATCCTAATATTTTATTAGAAC 
GluSerAspSerAsnlleAlalleGluGluVallysTyrProAsnlleleuleuGluPro 
370 380 390 400 410 420 

>< — sequence from M13mpl0 >< — sequence from pNM481 

CTGGGGGATCCKTAGAGTCGACCTGCAGCCCAAGCTTGCTCCCCTGGCCGTCGTTTTAC 
GlyGlySerSe.ArgValAspLeuGlnProLysLeuAlaProLeuAlaValValLeuGln 
430 440 450 460 470 480 

(laeZ) • — etc... 

AACGTCGTGACTGGGAAAACCCTGGCGTT 
ArgArgAspTrpGluAsnProGlyVal 
490 500 
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Part of the sequence of pNMGC44 . 

caaacoaaoannaQoaaaaaccaaoaoDoac 



< . pNM482 sequence ><- Ml 3 sequence 

GCGCMCTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGAATTCGAG 
10 20 30 40 50 60 

>< — start of fowl pox CPP) sequence 

CTCGCCCTGAACTTTCCAGAATCTAATAATTCTTCCACTTTAACAACGTCTCCTTCTTCC 
70 80 90 * 100 UO 120 



ACGGCCTCATCCAATTCAGATTCTATATCCGGATAGTTATAATCGGGATAAGTGTTGTAA 
130 140 ISO 160 170 180 

CTCATCAGTAATTTAATCATTTCAACATCTCTAAGTCTGACGGCCATCTTTATAGGCGAG 
190 200 210 220 230 240 

TATCCGTTGATAGTAAAATTCGGATTGATGTAAGAATCCAACAGGCGTCTAGCCACATCC 
250 260 270 280 290 300 

AGTTCTCCAAAGAGAATAGGATTGCAAAGTTCTACACGATCCATTGTATAATATAGGTGT 
310 320 330 340 350 360 

TCAACACCTCTCGATATATCATTATTTGTTTTTTCAATTTTATTATAAGTAGTTTGAATG 
370 380 390 400 410 420 

|— start of ORF 8 gene 
CATTTTTAAGTTTAATAAATCTTGATAAAGTATATT7AAAAAATGGAGGAGGGTAAACCG 

MetGluGluGlylysPro 
430 440 450 460 470 480 

>< — sequence from Ml 3mp!0 >< — 

CGACGTAGTAGCGCA6TATTATGGGGGGATCCTCTAGAGTCGACCTGCAGCCCAAGCTTC 
ArgArgSerSerAlaValLeuTrpGlyAspProLeuGluSerThrCysSerProSerPhe 
490 500 510 520. 530 540 

sequence from pNM482 (UeZ gene) etc... 

6ATCCCCTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTT 
AspProleuAlaValValLeuGlnArgArgAspTrpGluAsnProGlyVal 
550 560 570 580 590 
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Part of the sequence of pNMGK4. 

otEcaatsacQaoQaaocffissetsffiooacocicDc 



. pNM482 sequence — ><~ HI 3 sequence — 

GCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTTCGCTATTACCCCAGAATTCGAG 
10 20 30 40 50 60 

><... s tart of fowl pox <FP) sequences — — 

CTCGCCCGAATAAAGATTCTAAATCTACGCACGTAATAAACCAAATA7ACTAAAATATAA 
70 SO 90 100 110 120 



AATTATGCCGCGGGATGATAAGATACTTCAGATGATCGTGATGAACTATATTTATTAATT 
130 140 150 160 170 180 

GGCAATACTTAAAAATAA7GTTTATAACATATGTAAATATAATAAACAATAATTTAGATT 
190 200 210 220 230 240 

I— start of 0RF.5 gene >< — ' sequence from M13mp10 — 

TTTAAAATGATAATACGTAGGAATAATAAAGCTCTTGGGGATCCTCTAGAGTCGACCTGC 
HetllelleArgArgAsnAsnLysAULeuGlyAspFroLeuGluSerThrCys 
250 260 270 280 290 300 

>< — sequence from pNM482 (lacZ gene) 

AGCCCAAGCTTCGATCCCCTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGC 

SerProSerPheAspProLeuAlaValValleuGlnArgArgAspTrpGluAspProGly 
310 320 330 340 350 360 

— et<" 

GTT 

Val 



Part of the sequence of pNMGF7» 



caaoatraDCQQDQanoacccctJScooaoaaa 



pNM481 sequence Ml 3 sequenc 

GCGCAAC7G77GGGAAGGGCGA7CGG7GCGGGCCTC7TCGC7A77ACGCCAGAA77CGAG 
10 20 30 40 50 60 

><-= start of fowlpo* CFP) sequence <e*act left end unknown) — 

C7CGCCCXXX XXXXXXXXXX XXXXXXXXXX XXXXXXXCTGACAAAATTAGATGACATGAT 
70 80 90 • 100 110 120 

— FP sequence continued 

C77ACGAAA7C7AC7AC7ACAAAA7GAGACAAA7AA7A77AAAAA77G7AAAAAACAG7A 
130 140 150 160 170 180 

ATATAAATATGATAAGAAAATGTGTAAAAAAGCTAGGAAACGCGGTCTATTAACGATAGC 
190 200 210 220 230 240 

TTTCACTATATTGTTA7T7GTTATTAT7TTAGTAGATATAGACAGAGATAGATATTTAGT 
250 260 270 280 290 300 

AAGG7G7GG7AAAGAC7GG77AGAA77CGA7AA777A7G77A7777A777CCGAAAA7AA 
310 320 330 340 350 360 

G77AAG77GGGA7GA7AGCA7GA7GG7A7G7GA7AA7C77GGCGG7GGGAA7AA7A77AA 
370 380 390 400 410 420 

CA7AAATACGAA7AG7GGC77A77AAA7ACA7C7AAGGAC7A77GGA7AAAAA7AG7AGA 
430 440 450 460 470 480 

CGAAC7AGA77G7ACAAA7A77AA7A7G7G7AA777C77A7A7AG7AA7A7AG7AGGA7G 
490 500 510 520 530 540 

7GA7A7A7GCACCA7AGAAAAA7777A7A777G7A7AAAACCGA7AAA7AAAATAAAC77 
550 560 570 580 590 600 

|— ORF.lOx- sequence from M13mp10— 
A777AG77AC777G7AGAG7A7AC7AAA7AA7AA7GAAA777AGGGGA7CC7C7AGAG7C 

MetLysPheArgGlySerSerArgVal 
610 620 630 640 650 660 

sequence from pMK481 (lacZ gene) — 

GACC7GCAGCCCAAGC77GC7CCCC7GGCCG7CG7TTTACAACG7CG7GAC7GGGAAAAC 
AspteuGl nProlysLeuAl aProleuAl aVal Val LeuGl nArgArgAspTrpGl uAsn 
670 610 690 700 710 720 

CC7GGCG77 
ProGlyVal 



♦ 
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INSERTION OF GENES INTO FOWLPOX VIRUS 

Fonign genes are introduced into the virus by a process of 
homologous recombination. This process has been described in the 
literature in detail for vaeeinla virus and an analogous 
OS procedure can be used for fowlpox virus. 

1. Infection with virus and transfeetlon of PNA-. 

25- em2 bottles of CEF etll.s at about 80% confluence are 
infected with about 10 7 pfu ^Cabout 3 pfu/cell) of an attenuated 
strain of fowlpox virus in 1ml of serum-free medium. The bottles 

10 are incubated at 37°C for 2 hours with occasional gentle 
agitation then 5ml of 199 medium (Gibco) with 5% calf serum are 
added and the cells are incubated for a further 2 hours at 37°C. 

30 minutes before this 2 hours is up the DNA/CaP04 
precipitates are prepared. 20pg of plasmid DNA 0 which contains a 

15 "type 1 construct" and therefore includes non-essential regions 
of FPV plus 2pg of fowlpox "helper" ONA are added to 1ml of HEPES 
buffered saline (HBS) pH 7.12 in a plastic bijou (HBS is 0.818% 
NaCl (w/v>, 0.594% HEPES (w/v), 0.02% Na 2 HP-04 anhydrous (w/v), 
adjusted to pH 7.12. with 1M NaOH). 66^1 of 2M CaCla is added. 

20 slowly down the side of the bijou.. This Is left at room 
temperature for 20 to 30 minutes for a fine precipitate to form. 

After the 2 hours incubation, the cells are washed twice with 
HBS at room temperature and the precipitate is gently added to 
the cells. This Is left at room temperature for 40 minutes and 

26 then 5ml of 199 medium with 5% calf serum is added and the cells 
are incubated at 37°C for 3 to 4 hours. The medium is then 
changed for fresh medium. 

2. Detection of recombinants . 

After the virus has been allowed to grow in the cells for 3-5 
30 days (this is when a complete eytepathie nffect can be seen) the 
cells plus supernatant are harvested and freeze thawed three 
times. The progeny virus is then plaqued on CEF cells at about 
500-1000 plaques per 10cm petri dish and an overlay of medium 
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containing 1% low gelling temperature agarose- is added. The 
plaques are then lifted onto nitrocellulose and probed with DNA 
from" the foreign gene which Is being inserted into the fowlpox 
virus by the method of I. Willareal et Science J96„ 183-185 
OS (1977). Plaques which are found to light up with the probe are 
picked from the agarose overlay (which has been stored at 4°C), 
freeze-thawed three times and replaqued.. The plaques are then 
probed again with the foreign' DNA to confirm that the recombinant 
virus has been Isolated successfully from the agarose overlay. 

10 INFECTION OF CHICKENS WITH THE RECOMBINANT VIRUS 

Twenty two chicks, 5 days old, are placed In a container 
(46 x 46 x 58cm. 3 ) A spray gun is used to create a fine aerosol 
using 80 ml. water containing 1.5 x 10§ p.f.u.* of virus grown in 
chicken . embryo fibroblast cells. This vaccination is repeated 

15 when the chicks are 26-days old. 

EXAMPLE 2 

Promoters are signals in the viral DNA which direct 
transcription of RNA. Strong promoters will therefore direct 
transcription of greater amounts of RNA than weak promoters. 

20 This is used as a way of Identifying efficient promoters. If 
radiolabeled viral RNA is hybridised to restriction fragments of 
viral DNA, immobilised on a nitrocellulose filter, particular 
regions of the virus containing strong promoters might be 
Identified. For late RNA this might be expected' to be difficult 

25 since late RNA transcripts are known to run well past the end of 
their genes, possibly into adjacent restriction fragments, hence 
confusing any attempts at snapping. . However for early RNA it 
should be a useful approach. ('Early 0 RNA is RNA made before DNA 
replication and ''lata 8 RMA Is- made after DMA replication, by 

30 definition. RNA @adt even earlier, i.e. before protein 
synthesis, can be r^f@tr@6 to as 'immediate early RNA'). A 
convenient method of making radiolabeled RNA of the immediate 
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early class is to use a jn vitro system containing purified 
virus, deoxynueleoside triphosphates, one of which is 
radioactively labelled, and a suitable buffer. This has been 
described for vaccinia virus by S. Venkatssan & B. Moss, 0. 
OS Virology 37 738=747 (1931) and it is found that the RNA produced 
in vitro (i.e. in a' test tube) in this manner has the same 
pattern as that made |n vivo (i.e. in tissue culture). 

METHODS 

Virus purification . 

10 Virus was grown in chick embryo fibroblast (CEF) cells and 
purified as follows: Forty 75cm 2 flasks of CEFs were infected 
with 5 x 10 s pfu/flask of PP9 (a plaque-purified isolate of 
HP440). The flasks were incubated at 37°C for 5 days. The cells 
were then shaken off into the medium and then spun down at 7,000 

IS rpm for 15 minutes. The supernatant containing the virus was 
then centrifuged at 15,000 rpm for 30 minutes at 4 e C. The virus 
pellets were pooled and resuspended in 40ml phosphate-buffered 
saline (PBS). This was layered onto a cushion of 10ml of 35% 
(w/v) sucrose and eentrifuged at 15,000 rpm for 30 minutes. The 

20 viral pellet was then resuspended in 1ml of PBS. This was then 
layered onto a 20-50% (w/v) sucrose gradient and centrifuged at 
15,000 rpm for 30 minutes. The- two viral bands were collected, 
pooled, layered onto two 20-60% metriiamide gradients (about 1ml 
per gradient) and centrifuged at 30,000 rpm for 18-20 hours. The 

25 viral band was then collected Clml per gradient). 

In vitro synthesis of labelled RNA. (based on the method of S. 
Venkatesan & 3. Moss„ 1981 !pc° 

. 10 ? pfu of purified virus particles from the above procedure were 
used as follows to product labelled RNA. The virus solution was 
20 wade to 0.05% Nonidet P-40 (NP-40) and left on ice for 1 hour. 
This was then added to a solution containing SOmM Tris-HCI (pH 
. 8.5), 10mM dithiothreitoK SnM ATP, ImM each of GTP and CTP, 10mM 
MgCl2, IOOjjM S-adenosylmethionina (AdoMet) 0 and lOOpCi of 
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32p_iabel1ed UTP, the total volume being 5ml. After 30 minutes 
at 37°C fresh AdoMet (the same amount again) was added and the 
reaction incubated for a further 30 minutes." The reaction was 
terminated by addition' of EDTA to 10mM o and the tubes were placed 

05 on ice. The virus was then pelleted by centrifugation at 30 o 000 
rpra for 30 minutes, the labelled RNA being contained in the 
supernatant. .To the supernatant was added sodium dodecyl 
sulphate (SDS) to a final concentration of 0.25% and the mixture 
extracted with an equal volume of phenol saturated In TE ClOmM 

10 TRXS-HC1. pH 7.5. ImM EDTA) . The aqueous 'layer was removed and 
extracted with diethyl ether and the RNA precipitated by addition 
of 1/10 volume of 3M sodium acetate and 2.1 volumes of ethanol . . 
The RNA was spun down at 15,000 rpm for 10 minutes and the pellet 
resuspended in 4ml of guanldihe thiocyanate solution <6M 

15 guanldine thiocyanate, 0.5% sodium N-laurylsareosine„ 5mM sodium 
citrate, 0.1M 2-mercaptoethanol). This was layered onto a 1ml 
cushion of CsCl/EDTA (5.7M CsCl , 0.1M EDTA)' and centrifuged at 
38,000- rpm for 18=20 hours at 18°C to pellet the RNA. The 
supernatant was carefully re..?oved and discarded and the RNA 

20 pellet resuspended in 500^1 of diethyl pyrbearbonate-treated 
water. 

Hybridisation to ONA. 
a) Restriction digests 

An EcoRI digest of FPV 0NA 0 and a BamHX/EcoRI digest of the 

25 11.2kb BamHI clone were separated on 0.9% agarose g«1s. The ONA 
was transferred to nitrocellulose filters by Southern blotting. 
Single-stranded preparations of. HI 3 clones from the 11.2kb 
fragment were spotted onto nitrocellulose and baked for 2 hours 
at 80°C in a vacuum (1/10 of the DNA from a 1ml culture). The 

30 filters were prehybridistd In 10ml of* 5 k SSC (SSC is 0.1 IM NaCI, 
0.015M Sodium-citrate) for 2 hours at 60°C. The suspension of 
labelled RNA being used as a probe was boiled for 3 minutes 
before addition to .the filters. The probe and filters were 
incubated, with shaking, at 60°C for 18-20 hours. The filters 



\ 
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were washed In 2 x SSC, 0.1% SOS at 42°C for 30 minutes, then in 
0.1 x SSC, 0.1% SOS at ISC for 30 minutes, and thereafter exposed 
to X~ray film. 

RESULTS . 

05 The. labelled viral RNA was found to hybridise strongly to 

only two EcoRI fragments In the digtst ©f FPV DMA. One was 790bp 
long and the other was 3830bp. CSome larger sized bands, 
particularly in the region of about 6,000bp, hybridised weakly). 
The . RNA also hybridised to a 3830bp band in the EeoRI/BamHX 

10 digest of the 11.2kb BamHI fragment. Labelled EcoRI FPV DNA 
fragments of sizes 790bp and 3830bp, purified from an agarose 
gel, were used to probe,, by the well-known method of Grunstein & 
Hogness, an EcoRI library of FPV DNA fragments cloned Into 
pUC13. Several pUC13 clones were thus identified which were also 

15 probed with the labelled in vitro RNA. The resulting group of 
pUC13 clones proved to fall into two categories, those with viral 
inserts of 790bp in size and those with inserts of 3830bp in 
size. The 3830bp=sized clones were probed with labelled 3830bp 
fragment from the 11.2kb BamHI fragment (nucleotides 6162 to 9992 

20 : the EcoRI sites are underlined) and were found to be the same. 
The 3830bp fragment includes the whole of the strongly promoted 
0RF8 and 0RF10 genes. Also, approximately 120bp of seq-ence from 
each end of the 790bp clone have been determined (see below). 
Using this 790bp clone and the sequence information given below, 

25 the S'-end of this gene and thence the promoter r&gion can 
readily be identified. The following is the partial sequence 
determined from near both ends of the 790bp fragment. (A few 
nucleotides from each end have not seen stquenegd). The 
numbering above- 680 is approximati as the @xaet length of the 

30 fragment is not known, Pta a nucleotide* not yet determined. 
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TGTCATCATA TCCACCTATA AATGTAATAT AATTAGCGCC TGATTGTGTC GATACATTAT 
10 20 30 40 50 60 

CGGGTGAAAA GTCCACCGTA ATATTGCTTT TATCGGTTGT ATTTACCACG TATAC 

70 80 90. 100 no 

sequence not vet determined - GTTCT 

.. 680- 

TTTTCATTTT TAATGTACGT TATTTTGTAA TAATGTTTAT ATAAATTACC ATACTTTANN 
690 700 710 720 730 740 

NATTATAAAT ATTGAAGTAA AA6AATA6TC TAAATTACCT AACATAGAAC ATCAT 
750 760 770 780 790 

b) Ml 3 clones from the 11.2kb fragment. 

A series of single-stranded M13 clones from. the 11.2kb BamHX 
fragment were- spotted onto nitrocellulose. Clones were chosen so 
that each major open reading frame (ORF) in the fragment was 
05 represented by one clone in the same orientation as the expected 
RNA from that ORF (i.e. unable to hybridise to the RNA) and one 
clone in the opposite orientation (i.e. expected to hybridise to 
RNA from that ORF). The clones were as follows. 




ORF Clone Nucleotide Wo. Expected 

reference Start Finish to hybridise? 

.<<• o YES; - a NO) 



1. 


(416-1674) 


GC47 


407 


725° 


V 






GC50 


860 


- 545° 




2. 


(2166-2671) 


GB53 


2682 


£OOf 


jt 






GF18 


2639 


2581° 




3. 


(4055-3606) 


G045 


3706 


<3 «? i o 








GA28 


3887 


3627° 




4. 


(4170-4594) 


GF48 


4096 


4305* 








GF95 


4481 


4228* 




5. 


(5138-4821) 


GF73 


5078 


5404 6 








GG2 


5041 


4727° 




6. 


(5974-5519) 


GE3 


' 5604 


5821 * 








GF110 


5824 


5601 6 




7. 


(7906-6674) 


GC59 


7000 


7290* 








GC61 


7283 


7005° 




8. 


(8025-8376) 


GF74 


7977 


8238 








GB150 


8351 


8085° 






(8632-8837) 


MFP344 


8781 


8980* 








GJ24 


8785 


8584 




10. 


(9686-8844) 


GC43 


9277 


94990 








GB84 


9495 


9230° 




11. 


(10120-9689) 


GC45 


9813 


10066* 








G8161 


10107 


9828 




12. 


(10705-10139) GB64 


10359 


10571* 








GF21 


10584 


10276* 





This is not the actual end of the clone, but merely the point 
up to which it was sequenced. 
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RESULTS 

Only the following clones hybridised to the in vitro RNA: 
GG2 very strongly CORF S promoter) 
GC61 weakly 

05 G324 very strongly (despite the fact that it is a "same 
orientation" clone J 
GB84 moderately strongly CORF 10 promoter) 

These results give a nasonable confirmation of the use of 
the RNA transcription method of identifying an immediately early 

10 strong promoter. Thus, the clones containing the ORF 5 and ORF 
10 promoters hybridised strongly to the mRNA. No signal was 
obtained from the clone containing the ORF 8 promoter, presumably 
because it does not act at the immediate early stage. The strong 
hybridisation of G324 (nucleotides 878S to 8584) is probably a 

15 result of the mRNA transcribed for the ORF 10 gene (nucleotides 
9686. to 8844) running beyond the end of the gene at 8844, well 
Into the DNA which encodes ORF 9 (8632 to 8835). 

It follows that when an immediate early promoter is required, 
the ORF 5, ORF 10 and "790 bp" promoters appear likely to be the 

20 only good choices. 



CLAIMS 

1. Fowlpox virus <FPV) promoter DNA 0 for promoting the 
transcription of a foreign gene inserted in a FPV vector, said 
DNA comprising, the promoter of any one of the following FPV DMA 
genes and consisting substantially of sequence to the' S°°end of 
said gene which is non-coding for said gene and up to 150 
nucleotides long: 

.(1) The FP4b gene which encodes a protein of about 657 amino 
acids in a sequence beginning 

Met Glu Ser Asp Ser Asn He Ala He Glu 
Glu Val Lys Tyr Pro Asn lie Leu Leu Glu 
or a variation of such sequence; 

(2) The BamHI fragment 0RF8 gene encoding a protein of about 
115 amino acids in a sequence beginning 

Met Glu Glu Gly Lys Pro Arg Arg Ser Ser 
Ala Val Leu Trp Met Leu He Pro Cys Gly 
or a variation of such sequence; 

(3) The BamHI fragment 0RF5 gene encoding a protein of about 
105 amino acids in a sequence beginning 

Met He lie Arg Arg Asn Asn Lys Ala Leu 
Gly Ser Val Met Ser Asp Phe He Lys Thr 
or a variation cf such sequence; 

(4) The BamHI fragment 0RF10 gene encoding a protein of 
about 280 amino acids in a sequence beginning 

Met Lys Phe Lys Glu Val .Arg Asm Thr He 
Lys Lys Met Asn lie Thr Asp lie Lys He 
or a variation of such sequence; and 

(5) The gene of which the coding stand hybridises strongly 
to FPV RNA and is at least partly located within an 
approximately 1B0 bp DNA sequence,, containing near Its S°=end 
the sequence: • 

<S'> TGTCATCATA TCCACCTATA AATGTAATAT and near Its 
3'-end the sequence: 

AAGAATAGTC TAAATTACCT AACATAGAAC ATCAT C3°K 
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2. FPV promoter DMA according to Claim 1 wherein the non-coding 
sequence Is of length up to 100 nucleotides immediately preceding 
the start eeden of the gent. 

3. FPV promoter DWA according to Claim 2 wherein the non-coding 
OS sequence Is of length up to SO nucleotides immediately preceding 

the start eeden of the gent. 

4. FPV promoter ONA according to Claim 2 0 within any one of the 
following sequence of 100 nucleotides immediately preceding the 
start eeden of the gene, as follows °= 

10 FP4b (5'5 TATTACGTGG A7AAATATAT ATCTTCAGGA AAAGGGTATT ATGTTACCAG 
ATGA7ATAAG AGAACTCAGA GATGCTATTA TTCCTTAACT AGTTACGTCT 
CTTTAGGTAC TTATTTTGAT ACGTTACAAG TAAAAAACTA TCAAATATAA 

<3'> 

0RF8 (5') AGAATAGCAT TGCAAAGTTC TACACGATCC ATTGTATAAT ATAGGT6TTC 
1 5 AACACCTCTC GATATATCAT TATTTGTTTT TTCAATTTTA TTATAAGTAG 

TTTGAATGCA TTTTTAAGTT TAATAAATCT TGATAAAGTA TATTTAAAAA 

<3*> 

0RF5 <5'> TAAACCAAAT ATACTAAAAT ATAAAATTAT GCCGCGGGAT GATAAGATAC 
TTCAGATGAT CGTGATGAAC TATATTTATT AA7TGGCAAT ACTTAAAAAT 
20 AATGT7TATA ACATATGTAA ATATAATAAA CAATAATTTA GATTTTTAAA 

<3'> 

0RF10 (S')ACTAGATTGT ACAAATATTA ATATGTGTAA TTTCTTATAT AGTAATATAG 
TAGGATGTGA TATATGCACC ATAGAAAAAT TTTATATTTG TATAAAACCG 
ATAAATAAAA TAAACTTATT TAGTTACTTT GTAGAGTATA CTAAATAATA 
25 • ' . (3*> 

er within a variation of such sequence. 

5. A recombination vector comprising a eloning vector 
containing, as an insert, a non-essential region (NER) sequence 
of FPV 0 said NER being interrupted by DNA comprising Ca> promoter 

30 DMA according to Claim H, 2, 3 or 4 followed by (b) a foreign 
gene transcrib&ble by the promoter. 

6. A recombination veetor comprising a eloning vector 
containing, as an insert, in order: 

(1) a first homologously recombinant sequence of the 
35 fowl pox virus <FPV) genome. 
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(2) a sequence within a first portion of a non-essential 
region CNER) ©f the FPV genome, 

{3) TPV promoter DMA aeeerding t© Claim 1 0 2„ 3 or -4. 

(4) a foreign gene tfanserfb&bly downstrtam of the promoter 

01 (whereby when the fowlpoK virus &NA polymerase kinds t© the 

promoter it will transcribe the foreign gent into faRNA) 0 
CI) a sequence within a second portion of the same MER of 
the FPV genome„ the first and second sequences being in the 
same relative orientation as are the first and second 

10 portions of the NER within the FPV genome 0 and 

(6) a second hemolegously reeombinable sequence of the FPV 

1 genome, said sequences <1> and <«) flanking the HER in the 

FPV genome and being in the same relative orientation in the 

IS acombinat'on vector as they are within the. FPV genome. 

7. A DNA cassette which comprises a FPV promoter according to 
Claim 1. 2, 3 or 4 0 transcribably linked to a foreign gene. 

8. A recombinant cloning vector containing a DNA cassette 
according to Claim 7. 

20 9. A recombinant fewlpex virus (FPV) which is the product of 

homologous recombination of a parent FPV with the insert DNA of a 
.recombination vector according to Claim 5 or S. 

10. An jn vitro culture of animal cells infected with a virus 

claimed in Claim 9. 
25 11. A culture according to Claim 10 wherein the animal cells are 

chicken cells. 

12. A method of vaccinating a responsive animal, which comprises 
inoculating it with a recombinant FPV as defined flra Claim 9. 

13. A method according to Claim 111 wherein the animal is a 
chicken. 
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